COAL TO GAS Me} 
FOR TURBINES | 


Grush INSTRUMENTS 


7 


WITH THESE 


COMBINATION MAGNETIC OSCILLOGRAPH 


The Model BL-221 Single Channel Magnetic Combination Oscillograph is 
similar to the Model BL-201 unit, except that circuit changes have beere 
made to permit use of either a standard inking pen or an electric stylus.i@ 
Magnetic penmotor Model BL-943 is used on the BL-221 Oscillograph and 
includes the proper connections for use of the electric stylus. A Power: 
Supply, Model BL-944, furnishes voltage for the electric stylus operation 
A switch on the front panel of the Power Supply permits the operator tatgs 
increase the stylus voltage when recording high frequency phenomena. Tha 
main switch opens circuit to Power Supply to eliminate the possibility ofp 
receiving electric shock when handling stylus. Instruments are supplied 
with a standard pen and inkwell as well as the electric stylus. The Models ' 
BL-222 Double Channel Oscillograph (shown in illustration) is supplied: 
on the same chassis as the BL-221. 
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MODEL BL-103 
SURFACE ANALYZER 


/ 


BL-932 D-C AMPLIFIER 


Designed for use with 
the Brush Magnetic 
Direct Inking Oscillo- 
graph, and used to make 
recordings of many types 
of phenomena heretofore 
measured only with the 
aid of complicated inter- 
mediate equipment. 
Studies of such static or 
dynamic conditions as 
strains, displacements, 
pressures, light intensi- 
ties, temperatures, d-c 
and a-c voltages or cur- 
rents, and many others, 
are simplified by the use 


For exploration and instantaneous charting of surface finishes—metals, glassi@s 


of the Brush Direct Ink- 
ing Oscillograph with the 
BL-932 Amplifier. Volt- 
age gain is sufficient to 
give one chart mm deflec- 
tion per millivolt input. 
Novel design features 
reduce the effects of power line fluctuation. Zero signal drift amounts to 
not more than one chart mm per hour. Frequency response is essentially 
uniform from d-c to 100 cycles per second. The control panel at the front 


plastics, paper. plated and painted surfaces from less than 1 to 5000 micro- 
inches. Complete with PA-2 Pickup Arm. Drive Head, Amplifier, Magnetici 
Oscillograph, Surface Plate. Carrying Cases, Glass Calibration Standard 
2 V-Blocks, 6 rolls Chart Paper, one 2 oz. bottle Red Ink, connecting: 
cords and operating instructions. Brush RMS METER: “average reading’’y 
type calibrated in terms of the “RMS” of an equivalent sine wave. I 
provides a constant visual check of ‘‘RMS’’ surface roughness in casesq 
where “hill and dale’ chart profiles are not needed. Large illuminated dialay® 
is set at an easy reading angle. ‘‘RMS’’ Meter may be purchased separatelyl 


of the amplifier contains a factor-of-10 attenuator, gain control, calibrating or with the Surface Analyzer. 


meter, and ae Spe ocierenning put voles. A payociag potentio- 
meter is provided for electrically biasing the oscillograph pen to any posi- 
tion on the chart, UNIVERSAL STRAIN ANALYZER 

The BL-320 Universal Strain Analyzer, when used with the Brush Magnetic 
Direct Inking Oscillograph, provides a complete package unit for the 
measurement of strain or other phenomenon where a resistance sensitive 
pickup is employed. It can be simply operated, producing records which 
are immediately available and easily interpreted. This combination equip- 
ment records either static or dynamic strains up to 100 cps, and direction 
as well as magnitude of the measured strain can be read from the chart. 
Connections are brought out so that one to four active gages may be used. 
Provision is made for connecting an internal calibrating resistor in the 
bridge circuit and adjusting the overall gain. 


Write for complete details. 


THE Gras DEVELOPMENT COMPANY 
DEPT.M-1, 3405 PERKINS AVENUE + CLEVELAND 14, OHIO, U.S.A. 


Canadian Representatives: 
A.C. Wickman (Canada) Limited, P.O. Box 9, Station N, Toronto 14, Ontario 
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BRUSH RECORDING ANALYZER 
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THE COVER 


is turbine fuel from cheap and abundant coal 
; promise of a new and useful addition to the 
able prime movers—a coal-burning gas turbine 
;. Among the possible means of utilizing this 
one that has been extensively investigated is 
ication under pressure in a gas producer and 
ing the resultant gas. The gas-producing equip- 
; shown here is used for making gas from 
ninous coal. Development of the process, 
acteristics of fuel, and some special problems 
tigated in the gasification process are described 
e article beginning on p. 12. 
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Extra Savings in Design 
and Production...with 
Mallory High-Density Alloy! 
The list grows every day! Mallory non-ferrous alloys and 


ingenious applications are making big savings for more and 
more Mallory customers. 


Here’s an interesting example. Recently, a well-known manu- 
facturer of aircraft instruments was faced with the necessity of 
increasing the stability of a gyroscope, in order to use it for 
larger planes. Plans included enlargement of the steel rotor . . . 
involved expensive re-tooling for the larger assembly. Mallory 
suggested that the rotor be made from readily-machinable, 
high-density Mallory 1000 Metal. Tests proved it to be ideal. 
The required stability was obtained with no increase in the size 
of the rotor or the gyroscope. Further... production delays 
‘and the expense of major re-designing were avoided. 


That’s service beyond the sale! 


And whether your problem is metallurgical or electronic, what 
Mallory has done for others can be done for you! 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 
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P.R. MALLORY & CO. Inc. | 
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P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, 
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and Alloys 


: Mallory 1000 | 


Mallory 1000 is a high-density metal whose dd 
sity approaches that of pure tungsten, platinn 
and gold. It has great strength and is read 
machinable. Its resistance to the corross 
action of many acids, as well as the atmosphe¢ 
is superior. 
Mallory 1000 is ideal for uses where maximu 
weight in minimum space is required, su 
gyroscope rotors, balance weights on cran 
shafts, variable-pitch propellers and centrifu; 
clutches. Its great density also makes it use¢ 
for shielding X-ray and gamma radiation. 
As a leading producer of unusual alloys ai 
materials from copper, silver, platinum, pj 
ladium, tungsten, molybdenum, alumi ik 
bronze, and nickel, Mallory is in a qualifif 
position to make effective and rapaetian recom. 
mendations for materials best suited to yo. 
needs. Write today. 


SERVING INDUSTRY WITE 
Electromechanical Products — 


Resistors Switches 
TV Tuners Vibrators 


Electrochemical Products 


Capacitors Rectifiers 
ercury Dry Batteries 


Metallurgical Products 


Contacts Special Metals 
Welding Materials 
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Year after year, more motor manufacturers use more 
Cornell-Dubilier A.C. motor capacitors than any 
other. The reason: a great record of trouble-free service in 
the freld! Filled with C-D’s world-famous Dykanol, and 
conservatively rated for extra dependability, Dept. L121, 
Cornell-Dubilier Electric Corp., South Plainfield, N. J. 


. CorNeELL-DuBILIER 
See DY CAPACITORS 


Qe PLANTS IN SOUTH PLAINFIELD. N. J.; NEW BEDFORD, WORCESTER, AND 
CAMBRIDGE, MASS.; PROVIDENCE, R. 1.; INDIANAPOLIS, IND.; FUQUAY 
SUBSIDIARY SPRINGS, N.C.; AND SUBSIDIARY, THE RADIART CORP,, CLEVELAND, OHIO 
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GLENN BARTON WARE 


General Manager, Turbine Div 
General Electric Company 
was presented 
the ASME Medal 
awarded 
in recognition of 


“Distinguished Service 


in Engineering and Science 
at the annual meeting of ¢ 
American Society of Mechant 
Engineers 

Atlantic City, New Jersey ' 
November 28, 1951 | 


“ENGINEER AND LEADER IN THE SCIENCE AND ART OF TURBINE DESIGN” 


a tala 


His service has been notable for imagination, foresight, and perseverance in the development and man: 
facture of turbines both for electric power generation and for naval propulsion. In this work he applia 
fresh knowledge and improved basic designs and traditional methods by the application of flu 
mechanics and the resuperheating cycle; and thereby made significant improvements in the thermal an 
mechanical features of both steam and gas turbines. Though still a creative engineer, he has broadens 
his horizons fo include management and business leadership and to be a leader in civic affairs. ; 
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EVMEW 


To Our Readers: 


Since 1903 the Genera Execrric Review has made available 
engineering and scientific information toward the advancement of 
electricity into every possible avenue for the benefit of mankind. To 
read the pages of the Review over the years is to see the works of 
men in engineering and science, to appreciate anew the wonders of 
their accomplishments, and to gain a more profound realization of 
the importance of their work of today as we consider the extent of 
future achievement. 


The Generar Evecrric Review of today is of limited circula- 
tion. We want to extend to a larger audience its long established 
reputation as a professionally authoritative magazine. Therefore, 
beginning with the January 1952 issue, it will be distributed with- 
out subscription cost to an extended list of interested friends of the 
General Electric Company. This December issue is thus the last 
under the present circulation policy. 


We are not saying good-bye to old friends; we are saying hello to 
many new ones. 


The new Review will be published bimonthly beginning with the 
January 1952 issue. It will continue, as in the past, to make avail- 
able useful information and ideas concerning research, products and 
engineering developments, designs, applications, methods, and 
techniques. 


Sincerely, 


Everett S. Lee, Editor 
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PRODUCER GAS FOR GAS TURBINE: 


By 
BRUCE O. BUCKLAND 
ARTHUR Y. HILLMAN, JR. 


Turbine Engineering Division 
General Electric Company 
and 


HARLAN W. NELSON 


Battelle Memorial Institute 
Columbus, Ohio 


NE feasible way of using coal in a gas turbine is 

to gasify it under pressure and to supply the re- 
sultant gas to the gas turbine. The pressure produced 
by a gas turbine compressor (5 to 9 atmospheres) 
should allow the use of high firing rates without un- 
reasonably high solid carry-over rates. Hot make-gas 
with the tars contained in it in the vapor form can 
be used in a gas turbine. Most of the ash is removed 
through a grate, and only a small portion of the ash 
and any of the solid combustible material carried over 
by the make-gas requires separation. The gas stream 
from which separation is required is a small portion 
of the total flow of a gas turbine plant and hence the 
separator size will be small. The gas stream is reducing 
and will not, therefore, allow separator fires to occur. 
The response of the producer to rapid load changes is 
such that the control equipment necessary to regulate 


Fig. 1. 
tests 


Developmental producer and associated equipment used in earlier 


Presented at the Semiannual Meeting of the American Society of Mech 
Engineers, St. Louis, (Mo.), June 19-23, 1950.—Enpiror. f Sian pe 
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the coal feed and the steam addition to the blast 
relatively simple. 

With these factors in mind, the Steam Turbl 
Division of the General Electric Company made 
rangements with Battelle Memorial Institute to 
vestigate the problems of the gasification process. . 
a meeting in January 1945, at Schenectady, of repy 
sentatives of the two organizations, it was decided 
proceed with the investigation at a modest rate 
means of tests on a small-scale gas producer. Pl. 
were made to test with coke and bituminous coal. 7 


TABLE I: FUELS USED IN PRODUCER TESTS __ 
= ? 


Ash Ash-softening _ 
Coal Seam Percent Temp F_ ee 
Millers Creek 3 to 5 2100 to 2360 
Ohio No. 8 5 to 8 21380 to 2280 = St 
Illinois No. 5 15 to 18 2000 
Pittsburgh (W. Va.) 14 to 15 2360 
High-temperature 11 2540 to ies N one 


coke 


test producer was to be built with one square foott 
grate area and was to be operable at one to six atm\ 
pheres pressure. 

The project was organized, the test apparatus ai 
the test producer were designed and built, and| 
January, 1946, the first test was run. A total of ' 
tests have since been run, 26 with coke and 67 wi 
bituminous coal. Fuels covering a wide range of é 
contents, ash-softening temperatures, and cakt 
properties have been used as listed in Table I. 

As a help in this project and to get a coal both hr 
in ash and strong in caking qualities,-the Pittsbur 
(W. Va.) seam coal was supplied by an electric util’ 
company. 

The tests were run on the small-scale prodiean| 
define approximately the performance and the limi: 
tions of a gas producer working under pressure 
supply fuel for the operation of a gas turbine and 
indicate, in so far as possible, the requirements of t 
design of a full-scale producer. The effects of pressu 
rate of gasification, fuel properties (for three produ 
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angements and modifications) as well as preheat 
| rapid load changes on operation problems (clinker- 
, coking, channeling, carry-over, and make-gas 
lity) were investigated. This paper describes the 
ull-scale gas producer and the test equipment used, 
| presents briefly the results of the tests. 


TEST EQUIPMENT 
"iG. 1 shows the producer and its associated equip- 
ot; Fic. 2 is a schematic drawing of the equipment 
tts initial form and before the first modification. 


whe gasification furnace consists principally of three 
ts: the main shell, the top bell, and the ash receiver. 
> cylindrical main shell, 32 in. in diameter, lined 
h 94% inches of refractory and insulating brick, 
ms a retort 13% in. in diameter. The height of the 
rt is sufficient to hold a 42-in. deep fuel bed above 
finger grate which forms its bottom. The conical 
mber of the main shell, cooled with water coils (17) 
he outlet of the retort to which the gas offtake pipe 
velded. The top bell, which is also water-cooled, is 
ted to this conical member. It carries a manually 
tated and water-cooled bed-leveling device which 
ves also as a bed-level indicator. The bell has an 
ming in the side for the attachment of the fuel 
sw (13), and an inspection hole in the top for ex- 
ining the top of the fuel bed. The combustion air 
admitted through an extension of the main shell 
ow the grates, and to this extension the ash receiver 
) is bolted. It also has an inspection hole through 
ich the character of the ash can be seen as the grates 
‘shaken. 

\ir supplied by the compressor (2) through the 57- 
ft receiver (4) is regulated by the control valve (6). 
hough not shown in Fic. 2, provision is made for 


| 
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admitting steam with the combustion air. The fuel 
is supplied from a pressure-tight hopper (11) by means 
of a four-inch variable-speed feed screw (13). The 
hopper has a capacity of 500 1b of fuel, and can be 
easily removed for weighing. 


Fourteen flanged and valved connectors (18) are 
attached to 1,/g-in. holes through the main shell and 
lining, to accommodate a transferable gas-sampling 
probe (20). The connectors also allow a bed-temperature 
probe to be used. They are arranged in three vertical 
columns spaced 90 degrees apart horizontally and at 
intervals from 1.5 in. to 42 in. above the grate vertically. 


The gas produced is passed through a separator (8), 
for the removal and measurement of carry-over, to 
the throttle valve (9), where the pressure is dropped 
to one atmosphere. Gas samples can also be collected 
in the brine bottles (22). 


Auxiliary Equipment and Instrumentation 

Fic. 2 shows the water-cooled gas-sampling tube 
(20) connected to one of the sampling ports of the 
generator. The tube is supported by a fixture (24), 
arranged to permit the vertical, radial, and peripheral 
motion required to connect it to the openings in the 
generator. Gas samples from various points in the fuel 
bed are obtained by inserting the tube through a 
valve-and-locking arrangement into the proper port 
to the desired depth. The over-all diameter of the 
sampling tube is 54 in., which enables manual insertion 
of the tube against the pressure within the generator. 
For runs under pressure, the rate of withdrawal of the 
sample is regulated by throttling with the needle 
valve (18). The gas is collected over brine in a set of 
sampling bottles (22), unless samples are to be stored 
more than a few hours; these are collected over mercury. 


DESCRIPTION 
Intake Filter and Silencer 
Air Compressor 
Oi! Separator 
Air Receiver- 
Pressure Regulator 
Air Flow Meter 


Gasification Furnace 


ON AWA WH ~ 


Cyclone Collector 

Throttle Valve 

10 Exhaust Duct 

1! Coal Hopper 

12 Feed Screw Drive 

13 Coal Feed Tube 

14 Leveling Device and Indicator 


© 


15 Grate Shaking Mechanism 
16 Ash Receiver 

17 Top Cooling Coil 

18 Sampling Tube Connections 
19 Differential Manometer 
20 Gas Sampling Tube 

2! Cooling Water Lines 

22 Gas Sampling Bottles 

23 Optical Pyrometer 

24 Sampling Tube Fixture 
25 Dust Sampler and Filter 
26 Starting Fan 


Fig. 2. Schematic drawing of initial form of developmental gas producer and associated equipment 
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Provision is also made for taking continuous make- 
gas samples during a run. This gas is collected just 
ahead of the main throttle valve (9) and is stored in 
bottles (22) for analysis. 

The temperatures of the fuel bed at the various 
sampling locations are obtained as follows: A sight 
path to the desired point of measurement in the fuel 
bed is cleared by inserting the gas-sampling tube to 
the proper depth. The tube is then withdrawn and 
disconnected from the sampling port. A sight glass is 
attached in its place and the temperature at the desired 
point is obtained by sighting on the bed with an optical 
pyrometer. 

The temperatures of the inlet air, steam, and steam- 
air mixture are taken with standard thermometers 
placed in oil-filled wells located in the lines carrying 
these fluids. A chromel-alumel thermocouple used with 
recording potentiometer gives a continuous record of 
the make-gas temperature during a run. The ther- 
mocouple, which is jacketed in a stainless-steel tube, 
is located in the generator off-take pipe just ahead of 
the throttle valve. 

The weight of fuel fed into the generator during a 
test is obtained directly by weighing the hopper and 
contents both before and after the run. Rates of flow 
of air and steam are obtained by using calibrated fluid 
orifices located in the respective lines. The steam-air 
ratio is then calculated from the weight of steam 
flowing per hour plus the moisture entrained in the 
inlet air, divided by the weight of air flowing per hour. 
The rate of fuel fed is adjustable by means of the 
variable-speed drive used on the fuel screw. 


Method of Operation 

The method of operating the producer varied some- 
what as different fuels were used and as the objective 
of the tests changed. However, the procedures were 
essentially the same as those used during the tests 
with coke, and any significant differences will be 
described later. 

At the start of a typical test with coke, the hopper 
and the top bell are disconnected, and about four inches 
of coke is ‘placed on the grate. Air is supplied by the 
blower at a rate of about 180 lb per hr, and the coke 
bed is ignited by means of a gas torch inserted through 
the bottom sampling port. The bed is gradually built 
up to a depth of about 40 in. by feeding coke through 
the open top of the generator. The gas torch is then 
removed, and about 10 lb per hr of steam is admitted 
with the inlet air. This part of the operation takes 
about 30 min, following which the conditions are 
maintained with the producer open for another 45 
min. The flows of air and steam are then stopped and 
the top bell and feed hopper are bolted into position. 
The air and steam flows are re-established at the 
desired rates and pressures, and the fuel feed is started. 
The grates are shaken at 10-min intervals from the 
beginning and throughout the run. 

From the time of closing the generator, about one 
hour is allowed for equilibrium conditions to be estab- 
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lished in the fuel bed, during which time the make; 
is analyzed for CO,. Thereafter, the test propet 
considered to have started and gas samples are taj 
from the bed according to schedule. The make-gaz 
sampled continuously and analyzed at 30-min interv, 


The time required for the test proper is about th 
hours. At the end of the test the air flow is stopp 
but steam is admitted for about one hour longer 
cool the bed. The following day the fuel bed is dump 
and the amount, size, and distribution of clinker 
noted. : 

The weight of carry-over material during a run 
determined periodically during the test proper 
means of twin cyclone separators. The cyclones 
water-jacketed, and the water is kept at the boili 
point at all times to prevent condensation of unt 
composed steam. The collectors are detached é 
cleaned just before the collection period begins. Afi 
a collection period of 10 to 20 min, depending © 
the air rate, the collectors are again detached from ~ 
cyclones, and the carry-over is dumped, weighed, 4 
screened. : 
TESTS WITH COKE 

The initial tests were made with high-temperati 
coke in order to avoid the difficulties to be expecy 
from caking and from tar formation when bitumina 
coals are gasified. Twenty-four tests, as follows, w 
run with the pea-sized coke described in Table 
13 at 1 atmosphere; 5 at 3 atmospheres; 4 at 
mospheres; and 1 each at 5 and 7 atmospheres. T7 
first 5 tests, 4 at 1 atmosphere and 1 at 3 atmospher 
were made to develop gas-sampling techniques and 
establish the test procedures. Table III gives t 
operating conditions of the remaining 19 tests. 1 
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Fig. 3. Effect of steam flow /air flow ratio on observed fuel-bed temperatu 
90 min after start of test. Average test conditions: air rate, 200 Ib per. 
preheat, 200 F; pressure, 1 atmosphere; fuel, high-temperature coke 


The effects of varying the steam-air ratio, the bli 
rate, and the operating pressure were determined | 
noting the effect of these variables on the amount 
clinker formed, the bed temperatures measured, < 
the make-gas quality obtained. 
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BLE II: PROPERTIES oF HIGH-TEMPERATURE COKE USED IN 
GAS PRODUCER TESTS 


(Size 34 X %& in.) 


Lot 1 Lot 2 
ximate analysis, as fired, percent 
Vioisture 0.5 
Jolatile matter 1.5 ve 
‘ixed carbon 87.1 87.8 
(S| 10.9 11.2 
Total 100.0 - 100.0 
1-fusion properties 
nitial deformation temperature, 
maer F 2560 2260 
\sh-softening temperature, deg F 2690 2540 
‘luid temperature, deg F 2740 2680 


—— OO 
nker 

During early tests with steam-air ratios of about 
7, the slag solidifying on the refractory wall in the 
ver part of the producer made it difficult to insert 
3 sampling probe, particularly toward the end of the 
_ After the four-hour operating period of Test 9, 
xample, at a steam-air ratio of 0.072 and an air 
ge of 298 lb per hr, all but a 3-in. diameter opening 
the center of the bed was occupied by a ring of 
nker. The ring projected about four inches inward 
lially and extended upward a distance of about 
ir inches from a point three inches above the grate. 
isplaced the reaction zones upward, and adversely 
ected the quality of the gas. 

Increasing the steam-air ratio, however, rapidly 
luces the size of the clinker ring and makes it more 
gngy and friable. At 200 lb per hr air rate, increasing 
> steam-air ratio from 0.07 to 0.12 reduces the 
ight of the clinker ring from more than 10 lb to about 


214 lb. Most of the tests were run at 0.12 steam-air 
ratio. At this value the weight of clinker ring did not 
exceed 4 lb except for the test at the highest air rate, 
and the gasification process appears to be unaffected 
by the ring in all these tests. 

Increasing the blast rate increases the size and 
density of the clinker ring rapidly. Very roughly the 
weight of the clinker ring increases as the square of 
the blast rate. 

The size of the clinker ring decreases and the position 
of the ring on the refractory wall is lowered slightly as 
the operating pressure is increased. Very approximately 
the ring decreases 0.7 lb per atmosphere of increased 
pressure at a 200 lb per hr air rate and 1.4 lb per 
atmosphere at 300 lb per hr air rate. 


Bed Temperature 

Increasing the steam-air ratio reduces the maximum 
bed temperature, displaces the point of maximum 
temperature upward slightly, and decreases the make- 
gas temperature slightly. This is shown in Fic. 3, 
which is a plot of the temperatures obtained 90 minutes 
after the start of the test. 

Increasing the blast rate increases the maximum bed 
temperatures as well as the make-gas temperature, and 
displaces the point of maximum temperature upward. 
This is shown in Fic. 4. The change in make-gas tem- 
perature is approximately the amount that might be 
expected to occur as the effect of surface heat losses 
on such a small producer. 

The measurements of bed temperature by sighting 
a pyrometer through a water-cooled probe onto the 
bed were not entirely successful in all the tests. Con- 
densation of water on the sight glasses and other 
difficulties arose particularly at pressures above 3 


- . 
ee from gas analyses. 
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TABLE III: SUMMARY OF RESULTS OF TESTS WITH COKE 
Rate of Average Average ty" 
Pressure, Air rate, Steam air gasification depth make-gas Composition of make gas, percent 

atm Ib per hr ratio ie Bele papers eae reese, Co: a a a an ee 
iv 99.0 Osta 19.7 35.2 — 4.9 2.9 20.9 As) 0.5 63.2 
1 101.0 0.115 19.3 BK 463 7.3 1S PAA 9.3 0.3 59.7 
1 201.6 0.046 37.6 34.8 — 6.2 1.0 2260 1.2 0.0 62.9 
1 197.2 0.080 33.1 34.8 — 8.2 1.1 19.2 6.3 0.2 65.0 
199.8 0.108 34.4 34.5 — 8.5 1.0 19.5 7A 0.3 63.3 
i ton? 0.118 Biko) 37.0 1120 8.5 0.5 20.7 8.8 0.2 61.3 
1 201.5 0.151 35.0 35.2 — 9.3 eh 18.1 9.1 0.4 62.0 
1 298.0 0.072 50.8 33.2 — 5.5 0.9 23.9 Till 0.1 61.9 
F 0.116 53.5 Sow — 8.8 0.8 19.6 7.6 0.4 62.8 
2 ee 0.116 19.5 36.9 321 6.0 1.8 23.4 9.7 0.2 58.9 
3 191.7 0.070 35.9 34.9 —_ 5.9 1.0 22.7 6.1 0.3 64.0 
3 198.8 0.081 36.5 35.0 _— 6.1 0.6 23.2 6.3 0.4 63.4 
H 0.120 36.9 36.4 880 7.8 0.5 21.6 7.8 0.5 61.8 
: ee 0.117 40.8 38.0 800 6.8 0.6 23.8 9.0 0.8 59.0 
6 203.1 0.122 40.5 36.8 820 5.8 0.3 25.4 8.0 0.3 60.2 
fi 206.4 0.121 38.9 38.2 790 5.9 0.6 23:3 ULE 0.8 61.7 
é 0.120 83.9 30.0 1155 4.2 0.0 27.4 9.9 0.0 58.2 
4 i S 0.120 107.6 26.0 1245 6.3 0.4 25.2 9.6 0.2 58.3 
6 651.0 0.117 136.4 31.0 1351 6.3 0.6 24.8 10.1 0.0 58.2 


atmospheres. Fairly good measurements were obtained, 
however, for two tests at 3 atmospheres, one at 100 1b 

per hr and the other at 200 lb per hr air rate. These 
ee are plotted in Fic. 5 together with comparable 
tests at l-atmosphere pressure. The maximum bed 
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Fig. 4. Effect of blast rate on observed fuel-bed temperatures. Average test 
conditions: blast preheat, 200 F; pressure, 1 atmosphere; steam flow/air flow 
ratio, 0.12; fuel, high-temperature coke 


temperature is decreased and the point of maximum 
temperature is lowered toward the grate as the pressure 
is increased. 


Gas Quality 

The gas composition was measured at the center of 
the bed, near the refractory wall, and in the off-take 
pipe. Fic. 6 shows the composition measured at these 
three locations for a typical test. As might be expected, 
the gas at the wall is of poorer quality than that at 
the center, although it apparently is not lean enough 
to explain entirely the lower quality of the make-gas 
in the off-take pipe. Perhaps further dilution occurs 
by a seepage of air from the refractory above the 35-in. 
level. 

The extent to which the make-gas quality is reduced 
by the mixing of the wall gases with those from the 
center of the bed is a function of the size of the pro- 
ducer and the kind of a wall it has. The reduction is 
large in a small producer such as the developmental 
unit in which this test was made. The gas compositions 
at the bed center are, therefore, compared in order to 
give the basic effect on gas quality of varying the 
operating conditions. 
done directly in all cases since no bed-center composi- 

tions were obtained during three of the tests at high 
rates and at 6 atmospheres. 

Table IV shows the effect of steam-air ratio on gas 
quality. A threefold increase in steam-air ratio in- 
creases the hydrogen concentration about 40 percent 
and decreases the carbon monoxide concentration about 
20 percent. 

The effect of blast rate on gas ndulite is shown in 
Fic. 7. It is concluded from this, tentatively, that a 
five-fold increase in blast rate increases the CO con- 
centration 25 percent and increases the H, concentra- 
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tion 14 percent. In Fic. 7, gas composition from 1 
bed center is not available at the high-blast rates, < 
also the high rates are at 6 atmosphere and the eq 
parable low-rate points are at 1 atmosphere. As sha 
later, the gas composition does not change with py 
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Fig. 5. Effect of operating pressure on fuel-bed temperatures. Averageg 


conditions: blast preheat, 200 F; steam flow/air flow ratio, 0.12; fuel, K 
temperature coke j 


sure. Thus it is concluded that the change showr 
Fic. 7 in the make-gas at the off-take is due principa 
to the change in blast rate and also that it indicate 
corresponding change in the gas in the center of ’ 
bed. 
Fic. 8 shows the effect of operating pressure on } 
quality. The data show that no appreciable changes 
composition occurs in going from one to 7 atmospher 
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Fig. 6. Composition of gases in fuel bed at wall and at center of be: 
at various locations above the grate. Average test conditions: air rate 
206 lb per hr; blast temperature, 220 F; steam flow /air flow ratio, 0.12 


pressure, 7 atmospheres; fuel, high-temperature coke 2 
\ ¢' 
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CO, H2,COz , CONCENTRATION PERCENT 
BY VOLUME 


Increased operating pressure might be expected 
affect the gas quality adversely if the bed temperatt 
are constant and if the following are the princi 


reactions: ? 
C+ 0, -s CO, {| 
C+ CO, s 2CO ( 
C+ HOs CO+ H, | 
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\BLE IV: 


COMPOSITION OF GASES WITHIN THE FUEL BED FOR DIFFERENT STEAM-AIR RATIOS OF THE BLAST 


Pressure, One Atmosphere 


t Number 

rate, lb per hr 

am-air ratio 

rel of sampling, in.* 

ee percent 
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ys Distance above grate, center of fuel bed. 


the same reaction temperature, pressure will have 
stfect on Reaction (1), but an increase in pressure 
ild increase the concentration of CO, and H,O in 
endothermic Reactions (2) and (3). An increase in 
tion temperature could counterbalance this lean- 
effect; but temperatures—at least at the bed center 
re lower at increased pressure as shown in Fic. 5. 
; state of affairs is not suitably explained. The 
“e-gas quality in the off-take is found to improve 
itly with increased pressure, which might lead to 
supposition that the wall temperatures and hence 
average bed temperatures might be increased with 
eased pressure. This is not borne out by the fact 
sthe make-gas temperature in the off-take decreased 
itly with increased pressure. 
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- Fig. 7. Effect of blast rate on make-gas composition. 
Average test conditions: preheat, 200 F; steam flow /air 


a 
flow ratio, 0.12; fuel, high-temperature coke 
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a TESTS WITH BITUMINOUS COAL 

itial tests of the gasification of bituminous coal 
red the desirability of providing a system for the 
ction of carry-over which would overcome difficul- 
eased by the condensation of tar in the cyclones. 
qual importance was the need for a mechanically 
ted stirrer for agitation of the fuel in the ‘‘de- 
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SHROOS 


10 16 12 

199.8 198.7 201.5 

0.108 0.118 0.151 
5 19.5 31.5 19.5 31.5 19.5 31.5 
2 2.6 2.3 3.9 2.9 5.6 4.4 
4 0.4 0.4 0.5 1.2 1.0 1.0 
8 32.0 32.5 30.9 31.8 26.8 26.8 
9 11.3 12.0 11.3 11.7 12.9 12.9 
6 0.2 0.2 0.5 0.3 0.3 0.3 
iL 53.5 52.6 52.9 52.1 53.4 54.6 
0 100.0 100.0 100.0 100.0 100.0 100.0 


volatilization zone’’ (top section of the fuel bed), to 
help to overcome channeling effects and the formation 
of coke masses impervious to the flow of gases. Accord- 
ingly, for tests with bituminous coal, major items added 
to the original producer were an efficient vortex separa- 
tor, a combustor for the product gas, and a fuel-bed 
stirrer. 


Modification in Equipment 

Fic. 9 is a schematic drawing of the equipment used 
in gasification tests with bituminous coal. A water- 
cooled rake (24) with 3-in. long coke-breaker teeth, 
motor-driven through a variable-speed transmission is 
added to the original producer in place of the original 
bed-level indicator. A combustor (9) to burn the gas 
including the tar, and a cyclone separator (10) to 
collect the solids discharged from the combustor have 
also been added. 
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PRESSURE ATMOSPHERES 


Fig. 8. Effect of operating pressure on gas composition at point in center 
of fuel bed located 31.5 in. above the grate. Average test conditions: 
air rate, 200 lb per hr; preheat, 200 F; steam flow /air flow ratio, 0.12; fuel, 
high-temperature coke 


Fic. 10 shows the modified producer. The cylindrical 
gasification furnace appears in the central foreground, 
above which is the top bell and the drive mechanism 
for the fuel-bed stirrer. The pressurized coal hopper 
and coal delivery tube are shown in the upper left 
center. Only the end of the combustor can be seen at 
the left of the hopper. At the extreme left the vortex 
separator can be seen. 
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Method of Cperation 

During periods of carry-over collection, the gas, 
together with air for combustion, is admitted (Fic. 9) 
to the combustor (9), where it is burned. Cooling air 
(19) is admitted to the combustor to lower the tem- 
perature of the combustion gases before they enter the 


ineser| 


Fig. 9. Schematic drawing of the gas producer and equipment modified for 
bituminous-coal carry-over tests 


vortex separator (10). The solid carry-over material 
is removed from the gas stream and is deposited in 
the separator receiver (13). Flue gases are exhausted 
to the atmosphere. A series of 10-minute collection 
periods is established during each test. 

To begin a test, a small wood fire is started in the 
open generator by means of a gas torch inserted through 
the lowest sample port. All of the coke taken from the 
generator at the conclusion of the previous test is 
added to the wood fire, while air is supplied by the 
blower at a rate of about 180 lb per hr. If necessary, 
high-temperature coke is added at intervals until the 
fuel bed is about 35 in. deep. Sufficient steam is used 
to prevent the formation of clinker while the bed of 
coke is being ignited. 

After the fuel bed and combustion are well estab- 
lished, the air and steam are shut off and the hopper 
and top bell are bolted into place. The desired rates 
of flow of air and steam and the generator pressure are 
then established. After the bed of coke has burned 
down to the desired thickness, the coal feed is started 
at a rate sufficient to maintain this depth of bed. As 
soon as the coal feed begins, the stirrer is started, and 
thereafter is run continuously. The grates are shaken 
every 10 minutes throughout the operation of the 
generator. About 11% hr is required after the feed is 
started to attain steady-state conditions before carry- 
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over tests are begun. During the 1)4-hr stabilizas 
period, as well as between tests with combustor, ma 
gas is vented through the by-pass valve and burnee 

To start the combustor for a test run, the hydroy 
pilot burner is first lighted by means of a spark pj 


The combustion-air flow is set at the desired ra 


‘ 


- 


DESCRIPTION 


Coal Hopper 

Top Bell 

Gasification Furnace 

Asn Receiver 

Gas Off-take Pipe 

Throttle Valve 

Shut-off Valve 

Mixing Chamber 

9. Combustion Chamer 

10, Vortex Separator 

11, Flue Gas Exhaust Stack 

12, Low Pressure By-Pass Valve 

13, Receiver for Carry-Over 

14, High Pressure By-Pass Exnaust Valve 
1S. Safety Valve 

16. Sampling Line ~ “Wake Ges" 

17, Sampling Line - Flue Gas 

18. Combustion Air, Flow Regulatéon 
19. Cooling Air Flow Regulation 

20. Gasification Air, Flow Regulation 
21. Steam Flow Regulation 

22. Oifferential Manometer 

23. Exhaust Flue 

24. Water-Cooled Wechanical Agitator 
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Fig. 10. Producer with modifications for bituminous-coal carry-over test: 
~~ 
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rich is about 100 to 150 percent of that for the 
sification air. The combustor shut-off valve is then 
ened and the by-pass valve is closed. As soon as the 
s is burning well, the hydrogen pilot is turned off, 
d a few seconds are allowed for the combustor to 
itm up before cooling air is admitted. The flue-gas 
mperature is held between 1200 F and 1500 F. In 
utting off the combustor, the by-pass valve is opened 
fore the shut-off valve is closed. 

Carry-over is collected only during operation of the 
mbustor. Samples of the make-gas are taken at 
e-minute intervals during periods for the collection 
carry-over; the flue gas is sampled over the entire 
riod of operation of the combustor. 


CARRYOVER RATE, GRAMS PER IO MIN. PERIOD 


i 2 5} 4 is) 6 
PRESSURE, ATMOSPHERES 
Fig. 11. Effect of operating pressure on carry-over rate. 


Average test conditions: air rate, 200 lb per hr; preheat, 
215 F; steam flow /air flow ratic range, 0.10 to 0.12; fuel, 
Millers Creek coal 


sults of Carry-over Determinations 

One objective of the gasification tests with bitumi- 
us coal is to determine the carry-over, which is the 
e of transport of solid material in the gas carried over 
m the fuel bed. Every effort was made to maintain 
conditions of the fuel bed as uniform as possible 
‘oughout each test so that the over-all results would 
lect clearly the specific conditions under which the 
t was run. The combustor was placed ahead of the 
arator for the purpose of burning the tar in the gas, 
d making possible the separation of solid carry-over 
-hout difficulties brought about by the condensation 
tar. It was made as short as possible to reduce to a 
nimum the burning of carbon in the solid particles. 
e values obtained are at least of the correct order 
magnitude for producers of this type, but it is 
ognized that the size and type of the producer can 
stantially affect the carry-over. It is also recognized 
4 the weights of carry-over should be corrected for 
. devolatilization of particles of coal which would be 
ried in the gas stream, and for partial or complete 
i 
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burning of the very fine sizes of coal or coke in the 
combustor. It was not possible to make this correction, 
as the extent of devolatilization or burning of fine 
particles was not known. When analyzed, the carry- 
over material had much the same composition as would 
be expected if high-temperature coke had been made 
from the coal. However, it is probable that the tests 
furnish reasonably accurate values for the carry-over 
produced under varying conditions of operation. 


Factors investigated during the course of some 30 
carry-over tests included: operating pressure; size and 
type of coal; speed of rotation of the fuel-bed stirrer; 
operation with and without the coal feed during collec- 
tion periods; and rates of gasification. 


Table V gives data for the complete series of tests. 
The effects of the principal variables of the tests are 
summarized and discussed in the following: 


Effect of Pressure 

Operation under pressure was found to be a major 
factor in reducing the carry-over of solids from the 
producer. To evaluate this effect, a series of tests was 
run with the relatively free-burning Millers Creek coal 
at an air rate of 200 lb per hr, and at pressures of one, 
three, and six atmospheres. Fic. 11, in which values 
of carry-over rates are plotted against the pressure in 
atmospheres, shows the resulting relationship. With 
the operating rate and steam-air ratio held constant, 
there is a decrease in the weight of carry-over as the 
pressure is increased and as the gas velocities are 
correspondingly decreased. 


Effect of Gasification Rate 

A number of tests were run under comparable con- 
ditions except that the rate of gasification was varied. 
These tests were run at six atmospheres pressure with 
coals from the Millers Creek and Ohio No. 8 beds. For 
all but two of the tests, stirrer and feed mechanism were 
in operation during periods of carry-over collection. 

Fic. 12 shows the effect of air rate on carry-over rate 
for tests in which the air rate was varied over a range 
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Fig. 12. Effect of blast rate on carry-over rate. Average test conditions: pre- 
heat, 215 F; steam flow/air flow ratio range, 0.10 to 0.12; pressure, 6 atmos- 
pheres; fuel, Millers Creek coal 
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TABLE V: SUMMARY OF RESULTS OF CARRY-OVER MEASUREMENT By 
Gasifi- Feed Carry-over, grams per 10-min period Coa 24 
Test cation Feed On Stirrer* 6th ix th aan 
No. it, source Soke plas 1st 2d 3d 4th 5th t vg A 0 mea 
PRESSURE, ONE ATMOSPHERE i 
3-B 202 Millers Crk Off On 222.5 118.5 69.0 136.6 ft i 
8-B 194 Millers Crk On On 155.6 151.3 180.4 134.3 151.4 154.6 60.5 — 
11-B 199 Millers Crk Off Off 15.6 24.7 31.4 42.1 28.5 44.2 | 
12-B 198 Millers Crk On On (2.1 rpm) 219.4 167.9 269.2 184.4 182.0 185.8 201.8 og 
13-B 198 Millers Crkt On On 185.0 164.5 184.1 181.3 178.7 52. 
14-B 198 Hi-Temp Coke On On Bratts 94.7 86.7 87.0 92.1 90.1 47.0 
15-B 200 Ohio No. 8 On On 168.7: 208.2 126.5 140.1 126.5 155.0 53.0 — 
PRESSURE, THREE ATMOSPHERES } j 
4-B 240  MillersCrk On On 17.2 65.6 41.4 92.7 
Off On 135.5 124.5) 134.7 131.6 96.1 
5-B 198 Millers Crk On On 8.5 13.9 75.0 32.5 92.8 
Off On TANCES 228.4 1A Soe 86.7 — 
6-B 197 Millers Crk On On 29.0 45.7 54.2 48.5 60.3 47.5 94.93 
e ee 
PRESSURE, SIX ATMOSPHERES : } 
7-B 199 Millers Crk On On 14.1 6.3 43.4 14.0 10.1 28.0 19.3 92.0 
9-B 101 Millers Crk On On 2.5 18.9 0.7 4.7 6.7 i® 
10-B 256 Millers Crk On On (AWE 69.9 104.8 82.1 97.5 
16-B 197 Millers Crk Off Off 8.7 Br 2.8 1.6 4.1 59.9 . 
17-B 197 Millers Crk Off Off PAL} 122 - 2.4 2.9 1.8 2.2 50.7 
19-B 200 Millers Crk On On 7.4 8.4 14.3 20.0 7.4 16.1 12.3 87.9 
20-B 260 Millers Crk On On 44.9 19.8 18.7 12.3 23.9 94.6 
21-B 260 Millers Crk On On 15.4 5.5 2.9 Boel 11.7 4 
22-B 259 Ohio No. 8 On On 35.1 23.7 37.6 30.8 44.8 15.8 31.6 89. ‘7 
4-C 350 Millers Crk On On 53.0 43.1 50.3 51.3 49.4 ae | 
5-C 501 Millers Crk On On to. A008 68.1 64.0 77.6 96.8 . 
6-C 502 Millers Crk On On 2.1 rpm) 208.0 175.1 220:1 278.0 220.3 93.7. 
7-C 500 Millers Crk On On 82.1 37.4 61.1 50.6 44.2 55.1 96.3 
9-C 352 Ohio No. 8 On On 46.6 COS 89.9 112.6 66.6 53.0 74.3 96.8 
10-C 499. Ohio No. 8 On On 99.8 91.3 S637 eal 63.0 eel O4ek 121.0 96.1 — 
12-C 501 Ohio No. 8 On On§ 113.2 132.1 135.8 103.7 121.2 96. 


* Normal speed of stirrer, 0.6 rpm. ; 
+ This coal & X Oin.; all others 344 X % in. 


of 100 to 500 lb per hr while the pressure was held at 
six atmospheres. The result is a slowly rising curve 
which indicates that the weight of carry-over becomes 
progressively higher as the rate of gasification is in- 
creasec, and that the relationship is not linear. 

The curve is projected to reach the maximum value 
of carry-over shown in Fic. 11 (namely, 155 grams per 
10-min period at 200 lb per hr and one atmosphere). 
It shows that the same carry-over is obtained at six 
atmospheres at four times the air rate as that obtained 
at one atmosphere. This indicates that the carry-over 
is not proportional to air rate and inversely proportional 
to pressure. Thus, if a given value for carry-over is 
not to be exceeded, the rate of gasification cannot be 
increased in proportion to the pressure, but must be 
held to some lower value. Information based on work 
' with the Lurgi gasification unit in Germany for a range 
of pressures up to 25 atmospheres, and based on 
theoretical calculations at various pressures, tempera- 
tures, and particle sizes, indicates that the carry-over 
varies approximately inversely as the square root of 
the pressure.“ 

Fic. 13 shows a plot of carry-over rate against veloc- 
ity of the gas above the fuel bed. The velocity is based 


()Private communication, Dr. Wilhelm Gumz, consultant, Battelle Me- 
morial Institute. 
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t Not determined. : - 
§ Stirrer teeth lengthened from 3 in. to 6% in. 
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upon the actual volume rate of the gases above 
bed and the cross-sectional area of the retort. TI 


results of comparable tests with coke are included. — 
d 


~ 


The curve indicates that the carry-over is rela 


caking, is somewhat greater than for the more weak 
caking Millers Creek coal. However, since the c 
over measured for the tests with coal consists of mat 
rial almost completely devolatilized, a correction shoul 
be made for the weight of. volatile matter in the carr 
over before it enters the combustor. If this factor 
known and applied, the lines representing the resul: 
of tests with coal might more nearly approach that: 
the results with coke. 


Effect of Stirrer Motion 


Study of the results of all the determinations 
carry-over, a few of which were run without the - 
of the fuel-bed stirrer, leads to the conclusion that tl 
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ovement of the stirrer in the top section of the fuel 
d is a major factor in the production of carry-over. 
threefold increase in the speed of the stirrer, from 
normal rate of 0.6 rpm to 2.1 rpm, raised the carry- 
ret by only 30 percent for tests with Millers Creek 
al at one atmosphere and an air rate of 200 Ib per 
F however, for comparative tests of the same coal 
six atmospheres and an air rate of 500 Ib per hr, 
e carry-over was increased by approximately 300 
tcent. 

The action of the stirrer probably results in forced 
asion of pieces of the relatively friable low-tem- 
tature coke in the distillation zone of the fuel bed. 
he resulting fine material can then be carried up- 
ard from the bed of gases. An agitator of some type, 
ywever, appears to be necessary for operation of an 
retfeed gas producer with bituminous coals. 


fect of Coal Feed Interruption 

Tnitially it was believed that the stream of combus- 
mn gases rising from the fuel bed of the producer 
Suld entrain an appreciable amount of the fine sizes 
coal being dropped onto the bed from above. The 
sults of several tests with the coal feed shut off 
ring periods of carry-over collection, although some- 
hat inconclusive, indicate that the carry-over from 
is source is considerably less than expected. 

In this regard, the weights of carry-over obtained 
‘Tests 4-B and 5-B (Table V) should be noted. For 
ese tests, the stirrer was in operation continuously, 
it alternate collections were made with and without 
al being fed. For both tests, the weight of carry-over 
aterial collected during periods when coal was being 
1d was far less than that collected during periods 
1en the feed of fresh fuel was stopped. This might be 
plained by assuming that when the coal feed is 
ut off, the fresh fuel is rapidly coked, and the pro- 
iction of fine material by abrasion resulting from 
e motion of the stirrer is increased. When the feeding 
coal is stopped, there is no longer the layer of semi- 
astic material which may act as a filter for the par- 
les, and carry-over is increased. 

As might be expected, the amount of carry-over 
oduced was lowest during operation with both feed 
d agitator turned off. At a pressure of six atmos- 
eres, only a few grams were removed from the gas 
ring 10-min collection periods. These results are 
incipally of academic interest, however, inasmuch 
‘a producer could not be operated for long under 
ch conditions. 


aracteristics of the Carry-ever 

The carry-over was a fine, dry, black, carbonaceous 
terial. From determinations of ash content, it 
peared that very little of the solid carry-over had 
en burned in the combustor. 

Except for tests without operation of the agitator 
d coal feed, the average size of the particles of carry- 
er was appreciably smaller at the higher pressures. 
‘s was true for material passing a 200-mesh screen 


GENERAL ELECTRIC REVIEW 


as well as that passing a 100-mesh screen. For all tests 
at one atmosphere pressure, average percentage of 
material passing a 100-mesh screen was 51.4 percent; 
for three atmospheres pressure, the average value was 
92.6 percent and for a pressure of six atmospheres, 90.0 
percent. The lower gas velocity at the higher pressures 
is a major factor in accounting for the differences in 
size of the carry-over particles. 
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Fig. 13. Effect of velocity of gases above fuel bed on 


carry-over rate. Note: number located at side of point 
is pressure of test in atmospheres. Average preheat 
temperature, 215 F 


It was evident that the tar had been completely 
burned with the gas in the combustor, as the carry- 
over material exhibited no trace of tarry material. 


Caking and Clinkering with Low-ash Coals 

At the higher gasification rates in particular, there 
was a pronounced tendency for the top part of the 
fuel to become bridged with a solid mass of coke, thus 
requiring the test to be stopped. These difficulties 
were overcome to a satisfactory degree for tests with 
Millers Creek coal at air rates up ta 250 lb per hr after 
installing the stirring mechanism; but, at rates of 350 
and 500 lb per hr, caking still remained a problem of 
operation. Further progress was made in controlling 
caking by operating with a shallower fuel bed and by 
close control of the rate of coal feed. 

The caking was greater when the more strongly cak- 
ing Ohio No. 8 coal was used. In an attempt to alleviate 
the problem, the teeth on the stirrer were lengthened 
from three inches to 6% in. A test at the 350-lb air 
rate after making this modification resulted in im- 
proved fuel-bed conditions. At a 500-Ib air rate, less 
improvement was apparent; and after about two hours 
of operation the test was stopped when a bridge of 
coke was formed in the upper section of the producer 
above the arm of the stirrer. Operation at an air rate 
of 500 lb per hr corresponds to a rate of gasification of 
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about 140 lb of coal per hr, which is far above the range 
of operation in commercial gas-producer practice. 

An attempt to run a test with Millers Creek coal 
at an air rate of 650 lb per hr was unsuccessful. The 
temperature of the gas became very high (about 1550 F) 
and the off-take pipe and throttle valve became visibly 
over-heated, making it inadvisable to continue the 
test under pressure. No attempt was made to run 
another test at this air rate. 

Except in one test (No. 5-C), no difficulty due to 
clinker formed during the test periods, as measured 
by the effect of the clinker collection on either the coal 
gasification rate or on the quality of the gas, was 
encountered. In this test at an air rate of 501 lb per 
hour the clinker formation was severe enough to cause 
a small progressive decrease in the quality of the gas. 
_ At the end of all the tests (Table V) there was a ring 
of clinker stuck to the refractory wall, about two inches 
vertically along the wall and projecting one inch radially 
inward. It should be noted also that in addition to 
lasting only about three hours, all of the tests were 
made on rather low-ash coals (3 to 8 percent) and with 
the steam-air ratio held between 0.09 and 0.12. 


Effect of Steam-air Ratios on Clinker Formation and on 
Gas Composition with High-ash Coals 


In commercial gas-producer practice, steam is added 
to the air blast primarily to control the formation of 
clinker. A further effect of introducing steam is to 
. increase the hydrogen and carbon monoxide of the 
gas without a corresponding increase in diluent nitrogen. 
Hence, up to an optimum steam-air ratio, the quality 
of the gas is improved. As the steam content of the 
blast is increased beyond the optimum value, however, 
the lowered temperature in the fuel bed slows the re- 
duction of carbon dioxide by carbon, and the steam 
reacts with carbon to form CO, and Hp, rather than 
CO and Hp, with a resultant net decrease in heating 
value of the gas. In commercial practice, the addition 
of steam is regulated to achieve a balance between the 
rate of gasification, clinker formation, and coal prop- 
erties—chiefly the ash content and ash-fusion prop- 
erties of the coal. 

The effect of an increase in the steam-air ratio above 
values of 0.10 on make-gas composition and on clinker 
formation was determined in a series of tests in the 
refractory-lined producer with the Pittsburgh coal. 
Fic. 14 shows the effect of steam-air ratio on the com- 
position of the producer make-gas at 6 atmospheres 
and 250 lb per hr air rate. The ratio of CO to CO, is 
lowered and the hydrogen is increased as the steam-air 
ratio is increased. For purposes of comparison, the 
results of two runs with coal from the Illinois No. 5 
bed are also plotted as dotted lines. Although data at 
only two steam-air ratios were available for the latter, 
the trend in changing gas composition closely follows 
the results with the Pittsburgh coal. 

A test run with coal from the Pittsburgh bed at an 
air rate of 350 lb per hr and a steam-air ratio of 0.12 
resulted in severe clinkering conditions in the fuel bed. 
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At a lower air rate of 250 Ib per hr, and with He stean 
air ratio increased to 0.36, the rate of clinker formatid 
was lowered and, a more friable clinker was forme 
For two tests run at steam-air ratio of 0.36, the tot 
weights of +34-in. and larger clinker formed at t! 
end of three hours of operation were 11.0 and 8.51 
respectively. An equivalent run at a steam-air ratios 
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STEAM FLOW / AIR FLOW x 102 


Fig. 14. Effect of steam flow /air flow ratio on make-gas » | 
composition. Average preheat, 215 F 


0.18 formed 17.0 lb. This represents a substantial r 
duction in the total amount of clinker; but, uni 
nately, much of the clinker was in the form of a rin 
slag which was firmly attached to the refractory tnin 
thus precluding operation for periods longer than abou 
three hours. Similar tests run with the special lot « 
high-ash Illinois coal gave similar results, although tk 
clinker was more friable and more porous than tha 
from the Pittsburgh coal. 

In an attempt to alleviate the clinker conditio 
series of ports was built into the wall of the produce 
below the point where the ring of clinker usually | 
The purpose of this construction was to attempt 
prevent the fusion of clinker to the lining by the i 
troduction of a flow of steam upward along the 
ducer wall. The attempt was unsuccessful; little if 
change was noted compared with previous tests r: 
out the added steam ports. 


The Effect of Preheating the Air Blast on Gasification 
The combustion air of a gas-turbine plant, availabl 
also to the producer, will have a temperature lying i 
the range of 400 F to 800 F. Hence, to fit the gas-turbir 
application, the air blast should be preheated 
temperatures in this neighborhood. Furthermore, hig 
preheat temperatures might have other advantages 
since fuel-bed temperatures would be increased and us 
of higher steam-air ratios would increase the quality « 
the gas. Therefore, some of the tests were made t 
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termine the effect on producer operations of pre- 
ating the blast to relatively high temperatures. 

For these tests the gas-fired tubular preheater 
ginally provided to heat the steam-air blast to the 
juired saturation temperature was ‘inadequate to 
‘nish high preheats, so a direct-fired preheater using 
drogen as a fuel was added ahead of the producer. 
e of hydrogen as a fuel added water vapor to the 
Stream, which was taken into account in adjusting 
> total rate of steam addition. During initial tests, 
> rate of flow of air was increased by the stoichio- 
tric quantity of air required to burn the hydrogen. 
cause this practice led to a slight reduction in the 
ygen-nitrogen ratio of the primary air supply, it was 
er revised, and oxygen in stoichiometric quantities 
is added to the system before burning the hydrogen. 
though comparison of the results of tests by both 
sthods showed no change in rate of gasification or 
S quality, the practice of adding oxygen and hydrogen 
is continued for subsequent tests. 

The preheat tests were run in a refractory-lined 
nerator equipped with manually operated finger 
ates. With manual operation it is difficult to main- 
in a balance between the rate of ash removal and 
e rate of ash release in the bed. If the rate of re- 
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Fig. 15(a). Effect of blast preheat on heating value and 

temperature of make-gas. Average test conditions: air 


rate, 250 lb per hr; steam flow/air flow ratio, 0.34; 
pressure, 1 atmosphere; fuel, Illinois No. 5 coal 


oval is too slow, the increase in concentration of ash 
‘nishes conditions favorable for the formation of 
iker; if too rapid, the loss of carbon in the refuse is 
cessive. With use of a mechanical system for ash 
moval, the removal of ash can be accomplished in 
more uniform manner. However, for purposes of 
termining relative effects and trends due to increasing 
sheat, the results obtained with the manually oper- 
d grates are considered adequate. 

Fic. 15(a) and 15(d) show the effect of increased 
e temperatures on the gasification of coal from 
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the Illinois No. 5 bed. All tests were run at a pressure 
of one atmosphere, an air rate of 250 lb per hr, and a 
steam-air ratio of 0.34. The weight of clinker formed 
is based on particles 34 in. in size and larger. 

On the basis of the test results shown in Fic. 15(a) 
and 15(b), the following general conclusions with re- 
gard to the effect of preheat are drawn: 

(1). The heating value of the make-gas is increased. 
The lower curve in Fic. 15(a) shows this trend. Plots 
(not shown) of the CO/CO, ratio and percentages of 
CO and Hp show a similar upward trend with increasing 
blast temperatures. 

Work reported in the literature demonstrates that 
preheating the blast so increases the rate of reaction 
that oxygen disappears at a lower depth in the fuel 
bed, and the percentage of carbon monoxide in the 
gases is higher for the same depth of bed. P. Nicholls, 
who studied overfeed fuel beds, has shown this to be 
true. He also has shown that some of the preheat is 
used up in the endothermic reaction of converting 
carbon dioxide to carbon monoxide, and that some of 
the preheat appears as a higher temperature of the 
combustion gases. It is to be noted that the results of 
the present work do not show an increase in gas tem- 
perature as the temperature of preheat is raised; in 
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Fig. 15(b). Effect of blast preheat on coal gasification 
rate and clinker formation. Average test conditions: air 
rate, 250 lb per hr; steam flow/air flow ratio, 0.34; 
pressure, 1 atmosphere; fuel, Illinois No. 5 coal 


fact, a slight decrease was noted for fuel beds about 
20 in. deep, as shown in the curve at the top of Fic. 15(a). 
This may be ascribed to the narrowing of the oxida- 
tion zone to the additional exothermic reactions oc- 
casioned by the substantial amounts of steam in the 
air blast, and, in a minor way, to increased radiation 
losses from the fuel-bed section of the generator. 
Wheeler®) has reported that one effect of preheat is 


to lower the temperature of the make-gas. 


—)""Underfeed Combustion, Effect of Preheat, and Distribution of Ash in 
Put Beds,” Nicholls, P., U.S. Bureau of Mines, Bulletin 378, 1934, pp. 6-10. 

(3)'‘Producer Gas and Producer-Gas hue by Wheeler, R. V., Fuel in 
Science and Practice, Vol. 2, p. 295 (1923 
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(2). The rate of gasification is increased. The curve 


at the bottom of Fic. 15(b) shows the increase in gasifi- . 


cation rates as the temperature of preheat is raised. 
(3). The formation of clinker is increased. The top 

curve in Fic. 15(b) shows that the total weight of 

clinker increases very rapidly with preheat temperature. 


Although the steam-air ratio was held constant for~ 


these tests, since the temperature in the oxidation 
zone increases with preheat, additional steam might 
have been used to advantage to cool the bed and pre- 
vent clinker. The coal used in these tests was purposely 
selected to have a relatively low ash-softening tem- 
perature, 2000 F, and a high ash content, which makes 
its use difficult from a clinkering standpoint. 

Additional tests were run with coal from Millers 
Creek bed to check the effect of air preheat up to 
temperatures of 750 F. In general, the trends were 
similar to those obtained with Illinois coal, except that 
the rate of clinker formation did not change appreciably 
from an average value of about one pound per hour 
over the range of preheat temperatures employed. The 
low ash content of the Millers Creek coal (3.5 percent, 
as compared to 18.5 percent for the Illinois No. 5 coal) 
may largely account for the lower rate of clinker forma- 
tion. The ash-softening temperatures are about the 
same. 

Although further study of the relation between 
clinker formation, steam addition, and preheat tem- 
perature would have been of interest, these variables 
were not investigated further. 


Producer Response to Rapid Load Changes 

A gas producer applied to a gas turbine as well as to 
several other industrial devices is subject to rapid 
_ changes in load. To explore the capability of a producer 
in this respect, several tests were run. During one of 
these the air rate was abruptly changed from 150 lb 
per hr to 500 lb per hr. Coal from the Millers Creek 
bed was used, and the producer was operated at six 
atmospheres. 

The procedure for the test was as follows: the fuel 
bed was stabilized for a period of 70 min at a depth 
of about 18 in., using an air rate of 155 lb per hr and 
a steam-air ratio of 0.10. The air rate was then raised 
to 500 lb per hr; manipulation of the valves for this 
change required about five seconds. The rates of coal 
feed and steam admission were increased to appropriate 
values at the higher air rate as soon as possible after 
the air rate was changed. Sampling of the make-gas was 
started immediately after the increase in air rate. 
Thirteen samples were taken at 20-sec intervals over 
a period of four minutes. A recording potentiometer 
was used to obtain a continuous record of the make-gas 
temperature. 

The foregoing procedure was repeated later in the 
run after operation for a period of 20 min at the lower 
air rate while gas-sampling equipment was being 
changed. The same procedure was followed during the 
second phase of the test, except that eleven samples 
were taken over a period of three minutes. 
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Fic. 16 is a plot of the make-gas temperature aii 
carbon dioxide and carbon monoxide concentratio 
during the course of the test. The abrupt change i iné 
rate led to an almost instantaneous increase in the g: 
temperature. The higher temperature was held, wi 
some variation, over the period of the higher air raz 
With change to the lower air rate, the temperatu 
dropped to the lower level, though not as rapidly asi 
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Fig. 16. Effect of rapid variation in air-rate on make-gas composition 
and temperature. Average pressure, 1 atmosphere; fuel, Millers Creek | 


coal t 


had risen after increasing the air rate. During u 
interim period at the lower air rate, the temperatu: 
of the gas was stabilized at a slightly higher leve 
When the air rate was increased for the second tir ma 
the gas temperature again increased very rapidly. ‘ 
Samples of the gas taken during the period of rap2 
changeover and throughout operation at both air rate 
were substantially constant in composition over tk 
period of the test. Some variation is evident during th 
period when samples were being taken at 20-sec inte¢ 
vals following the change in air rate. This may } 
caused by a combination of factors inherent in th 
establishment of new equilibrium conditions in the bec 
involving the rate of coal feed, steam-air ratio and be 
depth. 
Results of the test, in general, may be summarize 
as follows: (1) abrupt increase in air rate is followe 
closely by establishment of a new temperature level : 
the gas; (2) minor variations in gas concentrations a: 
heating values occur with the rapid change in air ra’ 
but, in general, the gas composition is substantially u 
changed; and, (3) in view of the foregoing, it may H 
expected that the producer will follow changes in load 
to an acceptable degree. These conclusions are a 
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Use of Water-cooled G tor W 4 
Its Effect on Gasi cation Reeuine all for Slag Control ar 


wall of the generator was a recurring problem d 
the test program, particularly during operation at high 
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> rates and with preheated air blast. Because of this, 
e refractory-lined shell was replaced with a water- 
oled section having the same effective inside diameter. 
G. 17 shows the essential features of the modification, 
lich was designed for operation at atmospheric 
essure. 

Because of the relatively large ratio of retort-wall 
ea to cross-sectional area, the heat absorbed by the 
oling water was appreciable, approximately eight to 
hn percent of the total heat input at 250 lb per hr 
ast rates. For a larger producer, the percentage heat 
ss would be substantially smaller. 

The type of clinker formed during tests of the water- 
oled unit differed from that formed in the refractory- 
ied generator under comparable conditions. The slag 
clinker did not adhere to the steel wall, although the 
nount and size of the clinkers formed in the bed was 
% greatly reduced except at the lower air rates. Fic. 
} shows a comparison of the results of tests in the 
ater-cooled and the refractory-lined generators. Both 
ries of tests were run with the special lot of high-ash 
al from the Illinois No. 5 bed, at air rates of 250 lb 
r hr, with a steam-air ratio of 0.34, and at atmos- 
eric pressure. The range of preheat temperatures 
nployed was from 200 to 1150 F. 

The upper set of curves in Fic. 18 shows how the 
te of clinker formation increases with increase in pre- 
at temperatures for the two types of walls. It would 
ypear that the effect of the water-cooled wall in cooling 
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Fig. 17. Cross-section sketch 
water-cooled walls 


of producer; showing 


e fuel bed and in reducing slag formation is more pro- 
unced at the lower preheats, and results in a lower 
e of clinker formation. At the highest degree of pre- 
at, 1150 F, the rates of clinker formation for the two 
jes are identical. Of further interest in this regard, 
hough not included in the curves given in Fic. 18, 
the results of another series of preheat tests in the 
ter-cooled generator at a steam-air ratio of 0.18 
stead of 0.34, other conditions being similar. A curve 
tting the rate of clinker formation for these tests 
ws the same upward trend, but is displaced up- 
rdly. These curves indicate that, as would be ex- 
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pected, the steam-air ratio is the ruling factor in clinker 
formation, and that the effect of the water-cooled sur- 
face extends only a relatively short distance radially 
into the fuel bed. The water-cooled surface is entirely 
effective in preventing adherence of slag to the wall, 
however, and is of practical value in that regard. 

The middle curves show that water-cooled walls 
gave no increase in the gasification rate with increase 
in preheat temperature, whereas refractory-lined walls 
show a trend to higher rates with increased preheat. 
The supplementary series of tests mentioned in the 
preceding paragraph, at a steam-air ratio of 0.18, show 
a small but definite trend to higher gasification rates 
as the degree of preheat is increased. 

The lower curves in Fic. 18 show that, with both 
the water-cooled and the refractory-lined wall, the 
heating value of the product gas is increased with in- 
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Fig. 18. Effect of blast preheat on gas heating value, 
coal gasification rate, and clinker formation. Average 
test conditions: air rate, 250 lb per hr; steam flow/air 
flow ratio, 0.34; pressure, 1 atmosphere; fuel, Illinois 
No. 5 coal 


crease in preheat. The curve representing tests with 
the water-cooled unit falls off at the highest preheat 
temperature, but the trend with both systems is up- 
ward. 


SUMMARY 

The tests indicate that a satisfactory overfeed bitu- 
minous-coal gas producer can be made to supply fuel 
to a gas turbine. Rates of coal gasification of 100 to 
200 lb per hr per sq ft of grate area can probably be 
achieved, resulting in a reasonably small producer. The 
carry-over of solid carbonaceous material in the gas at 
these rates and at pressures in the neighborhood of 6 
atmospheres will be acceptable but will be of such a 
character and amount that separators will be required. 
The gas stream from which separation is required, 
however, is a fairly small portion of the total flow of 
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the gas turbine plant. The gas stream is reducing and 
will not, therefore, allow separator fires to occur. Thus, 
the separator problem is not unreasonably difficult. The 
response of the producer to rapid load changes is satis- 
factory. Only the air rate must change substantially in 
synchronism with the load. The coal feed, the steam 
addition to the blast, and the ash removal rate can 
follow the load changes with time lags in the order of 
minutes. The necessary control equipment is simplified 
by these producer characteristics. 

Additional tests could be run profitably in this small 
producer to explore the tar condensation problems, and 
to try out a clinker-grinding variable-speed grate. The 
problems then remaining should be worked out by 
means of tests on a full-scale producer. 

The tests have indicated that the following features 
will be required of the producer: 


(1). A water-cooled wall at least at the oxidation 
zone to prevent excessive deposit of slag on the retort 
wall 

(2). A substantial coke breaker and stirrer in the 
top of the fuel bed to prevent fuel stoppage due to 
arching of the plastic mass and the coke 

(3). <A clinker-grinding variable-speed grate with 
proper control to prevent accumulation of clinker with 
variable load and with variable ash content of the coal. 

Tests have not yet been run to define sufficiently the 
features required to avoid tar condensation and 
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Shuttle Car for Mine Application 


A new steel-track shuttle car of the 
cable-reel crawler type was recently an- 
nounced for mine application. The new 
unit, designed for operation in close 
quarters, has a turning radius of from 14 
to 16 ft. 


Radically different from previous 
shuttle-car designs using rubber-tired 
wheels, the new unit provides for light 
ground-loading pressure per square inch 


by distributing weight over a large ground _ Strange-looking 


electric 


plugging due to mixtures of tars and solids. Such tes 
should be run, but it is expected that the make-g 
temperature can be maintained high enough to ke 
the tar in a dry vapor form and still allow a sufficient 
wide range of load to be covered. 

Gasification under the pressures required by a g; 
turbine has no detrimental effect on the gas qualil 
and has a beneficial influence on the carryover. It w 
require, however, the use of coal- and ash-handlii 
mechanisms with the necessary pressure locks to pre 
surize the coal stream and depressurize the ash streaa 
The tests described did not bear on the design probler 
of such machinery but it is expected that the probler 
in this design will be no more difficult than those in t1 
design of the producer itself. 
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area. 


Because no clearance is required for 
turning wheels, a much wider conveyor is 
built into the body of the track-laying car 

_for the same over-all width. Improved 
maneuverability is illustrated by the 
shuttle car’s ability to turn by locking one 
track completely. 


Because of a wider conveyor, unloading 
speed is increased, Simplicity is stressed 
by the use of only two drive motors, 
one on each track, eliminating the com- 
plicated gears, drive shafts, and steering 
mechanisms required by the conventional 
four-wheel-drive, four-wheel-steer shuttle 
car. 


The new car is driven by two sealed- 
type 20-hp 250-volt series-wound motors 
driving each track through single-gear- 
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vehicle designed for haul- 
ing coal in narrow veins far 
beneath the earth’s surface 


reduction chain and sprocket. The gear 
case is an integral part of the motor. One 
sealed-type 3-hp compound-wound pump 
motor drives hydraulic auxiliaries. The 
conveyor chain is driven by two 5-hp 
1750-rpm compound-wound gear-motors, 
with a 44:1 gear ratio. 

The cable reel is hydraulically driven 
with sealed-type enclosure. A spooling 
device controls level winding. The reel 
is equipped with 600 ft of No. 3 two- 
conductor cable with ground wire, and 
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guides permit reeling in either directic 
The hydraulic motor torque is automa’ 
cally compensated for reeling and unreeli| 
cable pull. 7 
All internal control elements, includil 
accelerating and headlight resistors, aret 
sealed-type cases. Motor acceleration an 
reversing are accomplished by means } 
magnetic-type contactors actuat' 
through time-delay relays by a foot butte 
providing 3-step starting. Brakes on bo 
traction motors provide for steering. — 


December, 19: 
4 


MPEDANCE NETWORK FOR TESTING 
INDUCTION APPARATUS 


_method for accurately measuring low-power-factor impedance 
ss of power transformers, induction regulators, and reactors 


LARGE 


“Be production of larger power transformers and 
iron-cored reactors to meet the ever-increasing 
smand for more electrical power throughout the 
uuntry has created a number of measurement prob- 
ms. One of the major problems is the accurate deter- 
ination of impedance losses. 
The impedance power factor of large power trans- 
rmers, voltage regulators, and current-limiting re- 
tors is inherently low, ranging from a few tenths of 
percent to five percent. For use under such conditions, 
mventional instrument transformers and associated 
ortable instruments have definite limitations. The loss 
dication on typical deflection-type wattmeters is 
adequate below five percent power factor without 
sorting to overloading the potential and current coils 
hich can introduce heating and indeterminate errors. 
t these extremely low power factors the correction 
t the phase angle of an instrument transformer injects 
significant error band since instrument transformers 
e normally certified to +3 minutes in phase angle. 
The more sensitive suspension-type instruments with 
sht-beam scales are excellent for certain types of 
svelopmental testing, but these are not as practical 
; the sturdier pivot-type instruments for production 
sting and like the latter require both current and 
stential transformers to cover an extended range of 
irrent and voltage. 


‘idge Networks 

While bridge networks have been successfully ap- 
ied at power frequencies for the commercial testing 
low-power-factor high-voltage capacitors for a num- 
r of years, the use of null balancing networks for 
e testing of induction-type apparatus was not at- 
mpted until about twelve years ago. At that time the 
TH Laboratories in England®) developed a toriod 
idge circuit to replace indicating instruments for the 
easurement of the impedance loss in their current- 
niting reactors. Shortly afterwards, the General 
lectric Company developed two a-c potentiometer- 
pe networks using for reference standards air-core 
utual-inductance toroids similar to the BTH mutual- 
ductor design.®) The first network® was designed 
ecifically for the commercial testing of air-core 
rrent-limiting reactors and consequently was limited 


1) Numbered references are listed at the end of the article. 
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to the measurement of linear impedances having lag- 
ging power factors below ten percent. The second 
network was designed for the developmental testing of 
either single- or three-phase iron-cored apparatus and 
has a phase-angle adjustment covering 360 degrees. 


Experimental Measurements 

Early experience with the experimental impedance 
network showed that null balancing type networks 
could be successfully applied to the impedance measure- 
ments of large power apparatus. Measurements at 
power factors below 10 percent were repeatable and 
eliminated phase-angle corrections for current trans- 
formers and instruments. Small differences in losses 
could be measured that were not detectable previously. 
The main drawback to the use of the impedance net- 
work was the necessity of maintaining the voltage and 
frequency constant during the time required to balance 
the network. When the power source and loading 
remained constant, measurement to a tenth of a percent 
was easily attained. At other times, a critical balance 
would be entirely obscured by relatively small changes 
in voltage or frequency. After an extensive investiga- 
tion of the application of this type of network to the 
commercial testing of induction apparatus, it was 
found that both the voltage and frequency of the power 
source must be held stable to a few hundreths of a per- 
cent during balance. In addition, the null detector must 
have high discrimination between the fundamental 
frequency of balance and the harmonics generated by 
nonlinear loads. A frequency discrimination of at least 
100 db to the third and higher harmonics is desirable. 


Stabilization of Testing Power 

Since the war, a means of stabilizing testing power“ 
has been developed to a degree that has made the ap- 
plication of impedance networks practicable. This 
development, coupled with advances in the design of 
electronic detectors, has resulted in the accurate 
measurement of low-power-factor impedances of large 
induction apparatus on a production-test basis. 


Basic Measvring Circuit 
General Operation 


The basic measuring circuit is shown in Fic. 1; 
the vector relationships are shown in Fic. 2. The heart 
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of the measuring circuit is a simple a-c potentiometer 
with two quadrature arms (A and B) and a precision 
mutual-inductance reference toroid M. The voltage 
drops across the potentiometer arms are both propor- 
tional to the excitation voltage E,, the drop across the 
A arm being in phase with E;, while that across the B 
arm is in quadrature with E;. A measurement is made 
by balancing the vector sum of the quadrature volt- 


REACTOR OR TRANS - 
FORMER UNDER TEST 


+ Xp 
SPECIAL 

A-G POTENTIO- 
AUTO METER 


ATRANS: 
(B’ARM) 


("A ARM) 


Fig. 1. 


Basic measurement circuit 


ages E, and Eg against Ey. The reference toroid 
voltage Ey is proportional to the load current J; and 
in quadrature with it. Balance of the potentiometer 
dials R4 and Rz is indicated by a null response of the 
detector (DET). This null response also indicates zero 
load on the toroid secondary, which is a condition 
necessary for an accurate measurement. The values of 
impedance and watts loss of the apparatus under test 
are then readily calculated from the potentiometer dial 
readings, the toroid constant, and the nominal value 
of voltage or current. 


Dial Arms 


The in-phase dial arm Ry, is a standard decade-type 
resistance potentiometer. The autotransformer provides 
a means of reversing the flow of current in this arm to 
provide the proper phase relationship for measurement 
at either leading or lagging currents. 

The quadrature dial arm Rz is also a standard decade- 
type resistance potentiometer but is connected to the 
potential circuit through a series capacitor to provide a 
quadrature voltage drop across Rg. The ratio of Xz 
to Rg is made large to closely approximate a 90-degree 
relationship regardless of small variations in the test 
frequency. An exact quadrature relationship is ob- 
tained by bucking out the small amount of unwanted 
in-phase current flowing in Rg with an equivalent op- 
posing current Ic. The amount of Ic fed into Rg is 
adjusted by means of the compensating resistance Rc. 
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The actual measuring network is shown in Fics. 
and 4. The potentiometer dial arms are mechanical 
ganged to provide potentiometer-type operation. 
combination of tapped shunt and series resistances a 
used to extend the range of each of these arms. 


Vector Analysis of Operation 

The vector voltage relationship for balance with 
lagging-power-factor load is shown in Fic. 2(a). Sina 
no current is drawn from the toroid secondary ; 
balance, Ey will lead Iz, by exactly 90 degrees. Similai 
ly, if the apparatus under test were a pure inductanc 
E;, would also lead I; by exactly 90 degrees. A stua 


(a) LAGGING PF 


EL 
(b) LEADING PF 


Fig. 2. Vector diagrams 


: : 
of the instantaneous polarities and current directio 


in the basic measuring circuit (Fic. 1) will show tha 
E, is always in phase with FE, during lagging-powed 
factor measurements. For the measurement of pu 
inductance, a single resistance potentiometer woul 
suffice since only the A arm would be required 1 
obtain a balance; Ry, is adjusted to be equal in magm 
tude to Ey. This illustrates why the network shown | 
inherently accurate at small power factors and whl 
the A-arm dial reading is directly proportional to th 
reactive component of J; or inversely proportional t 
the reactance being measured. In the practical cass 
Ey, will always lead I; by some angle @ that is les 
than 90 degrees. If the series capacitor in the B arr 
(Fic. 1) were a pure capacitance and the ratio of X’ 
to Rg infinite, then Ez would lead E4 or Ez by exactk 
90 degrees. Under this condition, the B-dial arm | 
ing would always be inversely proportional to the re: 
component of the impedance under test and the voltag 
drops EF, and Ez could always be adjusted to vectorial 
balance with Ey regardless of the magnitude of tk 
power-factor angle @. Since the series capacitor in th 
B arm is not a pure capacitor, and since an infinit 
ratio of Xz to Rg is not practical, the B-arm voltag 
drop Ex will lead E4 by some angle y that is slightl 
less than 90 degrees and thus cause a slight error i 
the quadrature relationship between the two arms. A 
exact quadrature relationship is obtained by using 
precision-type low-power-factor capacitor as a serie 
element, maintaining a high ratio of Xz to Rg (50 to 
or greater) and introducing a small voltage drop I¢ K 


)) 


December, 9 


UNIT UNDER TEST 


TOROIDALLY WOUND 
MUTUAL INDUCTORS 


SHIELD 


1 
1 60OW 
ee 
|. o4 
1 50% 
ite le | 
4 
| ee | 
jC | | auToTRans: an Haake s sl ! 
' | | FORMER 1/7 PHASE B | 
| Ves ~. PHASE G | 
1 |WCeq PHASE A! | 
POTENTIAL ) Cus P PHASE B! | 
TRANSF =a 
SFORMER ! Y PHASE G! | 
Fig. 3 | rage 
Diagram of connections T | 
for measuring network | ell | 
be lea NULL 
MAGNETIG DETECTOR 
| 
| 


Fig. 4. 


Network panel assembly 


1 the B arm that is in phase opposition with E4. The 
se of a precision low-power-factor capacitor and of a 
igh ratio of Xz to Rz alone insures negligible error for 
yw-power-factor measurements and makes the B arm 
idependent of small changes in frequency. The addi- 
ion of the compensation J-R, insures negligible error 
ver the whole range of power-factor measurement. For 
larity, the error angle shown without compensation is 
reatly exaggerated in Fic. 2(a). In normal practice 
iis angle is in the order of 1 degree. 

Fic. 2(b) illustrates the vectorial balance of voltages 
wr the measurement at leading power factors. Measure- 
vent in any other quadrant can be obtained by revers- 
ig the secondary toroid leads or the vector relation 
f Ey. 


eference Toroids 

The reference toroids are toroidally wound mutual 
ductors encased in thin split-copper shields. The 
condary turns must be evenly spaced around the 
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periphery and wound in such a manner that the plane 
of each turn is effectively parallel to the axis of the 
toroid. To avoid a complete turn in the plane of the 
secondary perpendicular to the axis of the toroid, the 
winding is either space-wound in one direction and then 
wound back interspaced in the opposite direction or 


INTER TURN CROSSOVERS 
AND COMPENSATING TURN 


Fig. 5. Toroidal winding construction 
(a). BTH type (b). GE type 


eed 


Fig. 6. Toroidal winding. This is of the BTH design 


shown in Fig. 5(a) 


close-wound in one direction with inter-turn crossovers 
and a single compensating turn brought back adjacent 
to the crossovers. The first method of winding used in 
the coil is shown in Fic. 5(a) and is the method advo- 
cated by BTH.® The second method of winding is 
somewhat less complicated and appears to be equally 
effective. The second method is shown in Fic. 5(b). 
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The actual toroids used in the application being 
described are precision-wound on molded-resin forms 
and cased in spun-copper shields to allow insulation 
of the primary conductors for operation at 30 kv above 
ground (Fics. 6 and 7). The physical parameters are 
given in the following tabulation: 


Second- Imped- 
Toroid Axial Primary ary ance 
(Amp Rating) OD ID Length Turns Turns hata 
1 to 10 12in. 3.75in. 5.00 in. 10 566 330 
10 to 100 (Pishng Bafa, S016) aha 1 566 Some 
100 to;s000) 12-1n = 6.254n, 2.75 in. 1 276 5 


The impedance constant K is an over-all constant 
that takes into account both the mutual inductance of 
the toroid and the voltage ratios of the A and B dial 
arms. The constant can be calculated from the physical 
dimensions of the winding, but in practice it is normally 
determined by a measurement of the induced voltage 
with a precision-type a-c potentiometer. The primary 
excitation current is determined by a simultaneous 
measurement of the voltage drop across a precision 
resistive shunt. 


Calculations 
Toroid Constant 

For preliminary design purposes, the mutual induct- 
ance of the reference toroid is calculated from the 
physical dimensions of the winding form: 


M=0.0117 N,N,h log = (1) 
ry 


where M=mutual inductance in microhenrys 
N,=number of primary turns 
N,=number of secondary turns 
v,= outer radius in inches 
7,;=inner radius in inches 
h=axial thickness in inches 


The formula is based upon formulas derived by the 
Bureau of Standards® for toroidal-type windings and 
has been found to be correct to about 5 percent with- 
out corrections for wire dimensions. 

The true mutual inductance is determined from 
measurements with a precision a-c potentiometer. 
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M=Ey(10)*/I, ( 


where M=mutual induction in microhenries 
Ey =volts induced in secondary 
I;,=primary current in amperes 

w =2nf where f is frequency in cycles 


The impedance constant K is dependent upon ti 
voltage ratio chosen for the potentiometer arms A an 
B (Fic. 1) and the mutual inductance of the toroid. 

Let Ve=the voltage ratio of the potentiometer arr 
per unit of dial reading or the ratio of E, to the volta; 
drop per unit of resistance of R4 or Rg (Fic. 1). 


Then K=VroM 4 ( 


Impedance and Watts Loss 
Let A and B=the dial arm readings 
From Fic. 2(a) at balance 


Ey= VE} +E3=1,0M (- 


but E,=AE,/Vp and Eg=BE;/Vep 
| Dee te 
by substitution Ey = a \VA2+ BP =I,wM (t 
R 
but Z= E/T, ( 
os Z=VpwoM/VA?+B?=K/VA2+BUG 
Watts=E,I, cos @ (1 
from Fic. 2(a), cos@=cos B= Ez/Ey el 


..from (3) and (5), cos@=Ep/I;,wM=BE,/KI, (1 
or from Fic. 2(a) and (5), cos@=Ep/VE%+E3 ; 


=B/VA+B (4 
from (9) and (11), Watts=E, I, BE, /KI,=E}B/K(4 
but from (8) E=I,Z=1,K/WA?+B (14 


.' from (9), (12), and (14) 


Watts = (I, K/VA2+ B?)1I,(B/ VA?+B?) 
= 1?KB/(A?+B?) (1E 


Although the network shown in Fic. 1 does not pre 
vide readings directly in impedance ohms or watt loss 
an average operator versed in routine transforma 
testing can easily determine these quantities from tH 
dial readings by simple arithmetic. 


Z=K/NA?+B? (§ 
Watts= Ej} B/K (1é 
Watts =I} KB/(A?+B?) (15 


While normal excitation of the apparatus bein: 
tested is held by means of a portable voltmeter c 
ammeter, the nominal value of voltage or current i 
used in the calculations. Thus the measured loss ¢ 
impedance is independent of small variations in mete 
readings or inherent meter errors. 

A potential transformer is normally used to isolat 
the potential circuit of the measuring network fror 
the apparatus under test and to extend its voltag 
range. When a potential transformer is used, the valu 
of K in the equations is multiplied by the ratio of th 
transformer. 
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Tare Corrections 


For convenience, all power controls, instruments. and 
measuring circuits are permanently housed in a test 
gerth which is usually located adjacent to the test area 
or pit. The over-all residual loss of the measuring circuits 
and instrumentation is normally referred to as the berth 
are, which is determined either by actual measurement 
or by calculation. 

The tare is taken by disconnecting the apparatus 
inder test and measuring the residual losses of the 


harmonics of 100 db or more.’ The attenuation net- 
works themselves are of the RC-parallel-T type intro- 
duced by H. H. Scott. The amplifier and its associated 
power supply are isolated from the 115-volt a-c shop 
line by means of a special shielded transformer. 

The over-all gain and selectivity of the amplifier is 
such that a fundamental voltage unbalance in the 
measuring network of one or two microvolts can be 
detected in the presence of harmonic voltages in the 
order of 0.25 volts. 


FREQUENCY 


. 8. Connection diagram of null detector 


potential transformer, instruments, and network with 
the test berth operating at the normal excitation volt- 
ige applied during test. 

For most commercial testing, the individual tares for 
he instruments, the potential transformer, and the 
1etwork are calculated from known constants. This 
aves the time required to disconnect heavy leads and 
o make the extra tare measurement. The berth tare is 
fenerally small compared to the losses present in large 
ipparatus, so that errors in the determination of the 
are loss are normally a second order effect and can 
ye neglected. 

Measurements at extremely low power factors such 
is those encountered in iron-cored current-limiting 
eactors are more critical. For such measurements, the 
erth tare is generally measured and correction made 
or the phase angle of the potential transformer. 


Vull Detector 

The detector is completely a-c operated, being a high- 
ain vacuum-tube amplifier feeding a small panel-type 
opper-oxide microammeter as the null indicator (FIGs. 
and 8). To allow the measurement of nonlinear imped- 
neces, two frequency-selective feedback circuits are 
mployed in cascade to provide an attenuation to 
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NETWORK NO 
6 Vy 4Y 


SHIELD 
TIED TO 
DETECTOR 


D-C POWER SUPPLY 


Measurement Range 


Current 
Voltage 


1 to 3000 amp 

40 to 150 volts (network alone) 

Up to 30 kv (with potential 
transformer) 

(0 to 360° angle) 


Power factor Otol 


Accuracy 
Network arms 
Toroid (Impedance constant) 
(Phase-angle error) less than 
Potential Transformer (Ratio) 
(Phase angle) 


+(0).2 percent 
+().2 percent 
0.25 minute 
+().1 percent 
+1 minute 


Over-all 


at 5 percent power factor 
at 1 percent power factor 
at 0.5 percent power factor 


+ 1,2 percent. 
+ 4.0 percent 
+ 8.0 percent 


It will be noted from the tabulation that the over- 
all accuracy at low power factors is limited mainly by 
the accuracy to which the phase angle of the potential 
transformer can be determined. The Bureau of Stand- 
ards will only certify instrument transformers to +3 
minutes. With experienced personnel, the absolute 
phase angle of a potential transformer can be deter- 
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Fig. 9. Modern power transformer test berth 


mined to +1 minute using modern calibrating equip- 
ment. Although modern bridge networks provide cali- 
bration readings to 0.1 minute, it is considered prudent 
to allow a 1 minute tolerance for inherent instability 
of the device being calibrated and the associated 
measuring circuit. 

Tests at 2 percent power factor without a potential 
transformer in the circuit show that the described 
impedance network has a probable error of +0.3 
percent compared with errors ranging from 3 to 8 
percent for a carefully calibrated low-power-factor 
portable wattmeter. 


Applications 

The impedance network described has been installed 
as an integral part of the modern power transformer 
test berths such as that shown in Fic. 9. It can be used 
for all impedance-loss testing with the possible excep- 
tion of core-loss tests on power transformers where 


HIGH LIGHTS AND SIDE LIGHTS 


Aerial Traffic Lights 


Busy street corners aren’t the only places 
to find traffic signals. They’re also lighting 
up in the skies these days, as Boeing KB-29 
and KC-97 tanker airplanes refuel 
bombers in midair. And they are used for 
both day and night in-flight refueling 
operations by the U.S. Air Force. 

When the Boeing Flying Boom, through 
which the fuel is pumped to the receiver 
airplane, was first developed, directions 
from the boom operator to the receiver 
pilot were issued by radio only. But more 
recently the “‘traffic lights’ have been 
installed on the bottom of the tankers to 
aid in keeping the two planes in proper 
position while fuel is transferred. 

The lights, four red and one green, are 
automatically triggered by microswitches 
connected with the boom. Lettering on the 
red-lighted oblong panels reads up, pwn, 
FWD, and AFT, to advise the receiver pilot 
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Green center panel remains lighted when the two 
airplanes are in proper refueling contact 
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harmonics in both the voltage and current waves coulr 
cause appreciable error. It is particularly adapted ti 
the measurement of the impedance losses in current 
limiting reactors and voltage regulators, and fo 
measuring the short-circuit impedance of large powe 
transformers at power factors below 10 percent. It wihi 
be extremely helpful in determining the point at whic 
short-circuited heat runs become stable, thus saving 
many hours of running time and in many instances th 
need for reruns. 

The network is used for the measurement of both 
single- and three-phase apparatus. The circuit con 
nections for single-phase measurements are indicatee 
in Fic. 1. Three-phase measurements are made on <¢ 
phase-to-phase basis, duplicate toroids being installee 
in each of the three-phase supply lines. This is the same 
procedure that is followed in the three-wattmete: 
method of measuring losses using a single wattmeter t 
take the required three readings. 

At the present time an extensive investigation i; 
being made to determine the possibility of applyin 
this network in the field of core-loss testing. 
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| 
when his plane is out of position. Use oic 
the new sealed-beam lamp developed fow 
this application was recently described: 
as one of the significant lighting advances 
of the year. 

When the telescoping section of tha 
boom is extended to the proper length and 
the boom’s elevation angle is correct, the 
green light glows; but should the airplane 
receiving fuel move outside of this position, 
the green panel darkens and either one om 
two of the red lights flash on to tell the 
receiver pilot where to move. 

Instruction in the night refueling opera- 
tions was started recently at Castle Ain 
Force Base in California, with the 93rd 
Air Refueling Squadron becoming the 
first Air Force group to receive such train- 
ing. Some of the crewswere reported to bea 
bit nervous on their first after-dark hook- 
up, but the “blackness fear” soon was lost 
and night transfers are now being made 
as smoothly as those in the daytime. 
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MODERN LOW-VOLTAGE 
A-C MOTOR STARTERS 


Design details to be considered in the development 
of a new line of starters, for increased life and 
reliability through better utilization of material 


By G. W. HEUMANN and B. J. MIMKEN 


Control Engineering Department 
General Electric Company 


phenomenal growth of American production 
per man-hour, which has far outstripped the rest. 
of the world, is due to the large amount of motor horse- 
power backing up each workman. According to the 
latest motor census, taken in 1947, each production 
worker in industry is backed up by 7.2 horsepower in 
slectric motors. 
Largest in quantity of all motors built is the squirrel- 
sage induction motor which, in sizes up to approxi- 
mately 15 hp, can be found everywhere on production 
machinery. Every motor needs a starter. Magnetic 
starters, which offer the advantage that they can be 
mounted remote from the operator’s control station, 
are the largest-selling starters in the integral-horse- 
power sizes, and they represent one of the most im- 
portant lines of industrial controllers. 


Lift-type Contactors 

A complete starter for squirrel-cage motors consists 
of a contactor and overload relays. Lift-type contactors, 
such as that shown in Fic. 1, were introduced to the 
trade some 15 years ago, and they are used today. Up 
to NEMA Size 3 (100 amp) this design is used by 
practically all motor-controller manufacturers. The 
principal advantage of this design is its mechanical sim- 
plicity : the magnet produces a straight-line motion that 
is transmitted directly to the movable contacts; there 
are no pivots and bearings; thus, mechanical wearing 
surfaces are reduced to a minimum. By proper design of 
the mechanical and electrical parts, much longer life can 
be obtained than had been possible with former designs 
of a-c contactors, with rotating shafts and bearings. 

A considerable amount of developmental work is 
necessary to work out details of design. Theory may 
side the contactor designer and establish fundamental 
principles. However, it is not convenient to calculate 
every detail of so complex a mechanism as a contactor. 
A well-equipped laboratory must be available to the 
designer so that data can be obtained for checking 
svery step in the development of a new contactor design. 


Arc Interruption ; 
The most important and fastest-wearing parts are 


the contacts which have to carry and to interrupt the 
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motor load current. NEMA standards stipulate that, 
when rated motor currents are carried, temperature 
rise of contacts shall not exceed 65C. They also stipu- 
late that, to allow for interruption of locked-rotor 
current of the motor (which is the highest operating 
overload a contactor can be called upon to handle) the 
contactor must be capable of interrupting ten times its 
rated motor current. A certain amount of burning on 
account of arc interruption is unavoidable. By proper 


Fig. 1. NEMA Size 2 


Lift-type contactor, 
(50 amp) 


contact design and by choice of proper contact mate- 
rial, burning of the contacts can be reduced to a 
reasonable amount. 

An exploded view of the contact structure of a Size 3 
contactor is shown in Fic. 2. Contacts here are double- 
break silver contacts, a movable bridge making contact 
with the stationary contacts of each pole. There are no 
blowout coils. The contacts are enclosed in a cavity 
within the are chute, which serves to confine the arc 


oie: 


—————— OOOO 


and to separate the poles from each other. Arc ex- 
tinction takes place as a result of cooling on the surfaces 
of the arc-chute cavity. On contactors Size 2 and larger, 
metal inserts are molded in the arc chute to assist in 
cooling the arc. A certain amount of magnetic blowout 
effect is obtained by the configuration of the contacts 
and the current-carrying parts. This blowout effect has 


Fig. 2. Lift-type contactor, NEMA Size 3 (100 amp); exploded view, showing 
details of contact construction 


the tendency to stretch the are and to force it against 
the walls of the arc chute, thereby enhancing the cooling 
effect. 

Configuration of the arc chute and size of the cavity 
are important. If the cavity is too small, it becomes 
excessively ionized and the arc is not extinguished. If 
the cavity is too large, the arc is not cooled effectively. 
Best arc-chute design is determined experimentally by 
load tests. The contactor is loaded with a motor of 
the largest size within its anticipated rating, and the 
motor rotor is blocked mechanically to simulate a 
locked-rotor condition. Load tests on various develop- 
mental arc-chute designs are conducted until failure 
occurs; the most efficient arc-chute design is thus 
determined. 

Speed of contact opening is also of importance. For 
the interruption of d-c arcs, it is essential that the con- 
tacts be parted at high speed in order to elongate the 
are rapidly. For interruption of a-c arcs, on the other 
hand, high contact-opening speed is not desirable. Best 
interruption is obtained when the arc is extinguished 
naturally as current passes through zero and does not 
restrike during the subsequent half-cycle. A moderate 
initial contact-opening speed is preferred. Contact 
opening should not be too slow; otherwise, the arc 
burns for too many cycles before it extinguishes. 


Contact Material 

Unfortunately, nature has not provided us with an 
ideal contact material. All known contact materials 
and alloys have their good points and their weak points, 
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and not one single material combines all desirable 
characteristics. The two contact materials of practica 
importance for’ contactors are copper and silver. Ex 
tensive tests of contact behavior under actual loaa 
currents have indicated that contact life is greatly 
affected by rate of oxidation of the contact surface 
Silver contacts, made from cold-drawn stock, have ¢ 
high degree of surface hardness. Consequently, thei: 
rate of surface oxidation is comparatively low. Ex: 
perience gained from actual installations and fro 

laboratory tests has proved that for general-purpos 
contactors of moderate size silver contacts are superio 
to other contact materials in point of contact life: 


Magnet Structure 

The laminations of which the magnet consists are 
stacked and riveted under pressure. The whole stack 
is then annealed to relieve stresses and to improve it 
magnetic qualities. The moving armature, which carrie 
the contact support, is comparatively heavy. Thus, a 
high opening force is imparted upon the contacts when 
the magnet is de-energized—a feature that is bene 
ficial to contact-opening performance during rapid 
jogging. The armature is not rigidly connected to its 
guide, but is supported on a spherical seat. Therefore 
the armature is self-aligning when the magnet closes 
and good seating between the movable and stationa 
parts is insured, resulting in quiet magnet operation. 

When the coil is de-energized, it is essential that the 
magnet drop out cleanly, without any tendency to stic 
on account of residual magnetism. Because of hysteresis 
the flux in any iron-core magnet does not drop to zero: 
when the magnetizing current is interrupted. Since 


Fig. 3. 


Conventional and new designs of air gap in a-c magnet 


with no air gap in the magnetic circuit, the pull due to 
residual flux may be sufficient to prevent the armature 
from dropping out, it is accepted practice in electro- 
magnet design to introduce an artificial air gap in the 
magnetic path. As a result, the residual flux at zero 
magnetizing current becomes smaller, and the corres- 
ponding pull is reduced below the threshold value at 
which the armature begins to drop out. Of course, the 
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it gap is kept as short as possible, so that the magnetiz- 
1g Current is not increased excessively. 

Conventional magnets, as shown in Fic. 3, have a 
hysical air gap in one of the striking surfaces. Such 
n air gap works very well as long as the magnet is 
ew. However, on any a-c magnet the laminations, in 
me, become flattened and mushroomed at the sur- 
wces on which the armature strikes the stationary 
1agnet. When a contactor is called upon to operate 
equently, the physical air gap will eventually be re- 
uced, and it may eventually disappear altogether. 
0 overcome this disadvantage, a permanent air gap 
1 the form of a wafer of nonmagnetic material has 
een introduced in the stationary part of the magnet. 
‘he side-plates of the magnet are of stainless steel, so 
hat the nonmagnetic wafer is not shunted out. Since 
he permanent air gap is located away from the strik- 
ig surfaces of the magnet, it is unaffected by any 
preading or mushrooming of laminations, and its 
fficacy does not change with age. Life tests have 
roved that magnet life is increased by the permanent 
ir gap, since it eliminates magnet failure due to dis- 
ppearance of the physical air gap. 

Two pole shaders are provided, one in each leg of 
he armature, to obtain a quiet magnet at coil voltages 


Fig. 4. Strongbox coil 
armature of magnet 


plastic mold 


elow rated voltage. To be effective, a pole shader has 
» have a certain resistance. Hence, brasses and bronzes 
ave been used to a large extent as pole-shader ma- 
srials. Since they are located close to striking surfaces, 
ole shaders are subject to high impact stresses, and 
ole-shader breakages are a problem to be considered 
1 magnet design. Tests with various pole-shader 
jaterials have brought out that certain aluminum 
lloys have suitable specific resistance and desirable 
vechanical properties. Using aluminum alloy reduces 
1e mass of the pole shader, thereby reducing the 
sndency of breaking under the shock of magnet clos- 
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trongbox Coil 

The magnet coil is encased in a molded box of the 
ype shown in Fic. 4(a). The side of the box forms the 
hannel guide for the armature, which in turn supports 
1e movable-contact structure. 

Coils are wound of fine copper wire that is insulated 
y a coating of enamel. Modern enameled wires such 
; Formex* possess great improvements in insulating 


*Registered trade mark of General Electric Co. 
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(a). Complete coil, showing guide for movable 


(b). Coil cut open to show how it is cast in 
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qualities and in the uniformity with which the coating 
is applied, resulting in a thinner coating with fewer 
bare spots. Better wire enamels have eliminated coil 
failures due to short-circuited turns as a major source 
of trouble. However, another important problem to be 
considered in coil design is failure due to open-circuiting. 
Such failures occur generally at the point where the 
terminal, or lead-in wire, is soldered to the coil wire, 
and they may be due to either one of two causes. 

First, there may be mechanical vibration. Terminals, 
or lead-in wires, are held in place by a wrapping around 
the outside of the coil. Experience and test have in- 
dicated that solid control wire, connected to coil ter- 
minals, is apt to transmit vibrations to the coil terminals. 
Stranded control wiring has recently gained greater 
acceptance. A second reason for open-circuiting is 
corrosion of the soldered joints. Since coils are alter- 
nately heated and cooled, moisture could easily pene- , 
trate even a tightly wrapped coil that is left untreated. 
The conventional technique is to impregnate coils by 
insulating varnish under pressure and heat, to make 
them impervious to moisture. 

An advance in coil manufacture has been the de- 
velopment of a technique of casting coils with permafil, 
formerly called solventless varnish. Ordinary varnishes 
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contain some solid resin dissolved in a liquid solvent. 
During the coil-impregnating process the solvent 
evaporates and the varnish remains as a hard mass, 
in which minute checks and cracks may form, permit- 
ting the entrance of moisture. Permafils are liquid com- 
pounds with a remarkable ability to penetrate the 
finest cracks and crevices. As they solidify, hardening 
takes place without any evaporation. 

A coil that has been wound is cast in a block of per- 
mafil, forming a rigid assembly shown in Fic. 4(b). The 
permafil holds terminals firmly in place, and it protects 
the coil windings against mechanical injury as well as 
against attack by moisture. Furthermore, the intimate 
bond between permafil and winding provides for a 
path of low heat resistance between the winding and 
the outside, which aids in the dissipation of heat from 
the coils. 


Mechanical Interlocks 

Reversing starters are used to start reversible motors 
in either direction, they contain two contactors—one 
for each direction of rotation. Careful consideration 
must be given to the problem of how to prevent both 
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contactors from being closed simultaneously, thus 
short-circuiting the power supply. For this purpose 
proper interlocking must be provided. 

In the smaller starter sizes utilizing lift-type con- 
tactors, moving masses are light, and pickup and drop- 
out are fast. Magnet strokes are fairly short, and 
normally closed electrical interlocks are not easy to 
keep properly adjusted. The reversing starter illus- 
trated in Fic. 5 is equipped with a so-called inter- 
ference-type interlock, which consists of two rotating 
levers, one for each contactor. The levers are so shaped 
that neither contactor can pick up unless the magnet 
of the other contactor has dropped out completely. 
Exhaustive tests have proved that this type of mechan- 
ical interlocking provides reliable means for inter- 
locking two contactors, whether new or worn, against 
each other, and no additional electrical interlocking is 
necessary. 


Overload Protection 

Protection against operating overload is provided 
by thermal overload relays, which have generally been 
accepted by the trade as the most suitable type of 


Fig. 5. Reversing starter, NEMA Size 2 (50 amp) with “interference” type 
mechanical interlock. Overload relays are shown at the right and left, beside 
the contactors’ moving elements 


relay for protecting general-purpose motors. The pre- 
ferred construction, at least for smaller-size starters, 
is the use of single-pole relays mounted right on the 
contactor frame, as can be seen in Fic. 5. 

In designing the tripping characteristic of the over- 
load relay, it is necessary to consider tripping on slight 
overloads, permitting the motor to carry an overload 
just as long as it can without injurious overheating. 
When the motor is stalled, the relay must trip suffi- 
ciently fast to prevent possible serious damage to the 
motor windings, which are subjected to something like 
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six times normal current without the cooling effect c 
windage. 

Bimetallic and solderfilm relays have been develope 
to a high degree of perfection, and both types ha 
found widespread use in industry. There is one poin 
of difference between the two types of relays that i 
worth considering. Solderfilm relays, in general, ar 
available only for manual resetting, since an automati: 
resetting device would be too complicated to be pra 
tical. Bimetallic relays, on the other hand, can be s 
built that by a simple adjustment, requiring no tools 
they can be either manually or automatically reset 
This is one of the reasons why a bimetallic design wa 
chosen for the starters forming the subject of thin 
article. 


Combination Starters 

Under the requirements of the National Electrica: 
Code, every branch circuit feeding motors must b 
protected against the devastating effects of shor 
circuits. General-purpose a-c contactors—designe 
under NEMA standards, to interrupt ten times thei» 
rated motor full-load current—are capable of inter: 
rupting operating overloads, but not the high current: 
that may flow under fault conditions. The magnitude 
of overload currents depends on the motor size. The 
magnitude of short-circuit currents depends, not op 
motor size, but on the characteristics of the powe: 
system to which the controller is connected. 

To provide full protection of the power syste 
against short circuits, to protect the motor branch 
circuit conductors, and to protect the starter itsel: 
against destruction, it is necessary to back up the con 
tactor by devices that are capable of interrupting short 
circuit currents with safety and fast enough so that 
the let-through energy does not exceed thermal limita 
tions of the starter. Two kinds of devices are recognizee 
by the National Electrical Code—namely, time-limit 
circuit breakers and fuses. These protective device 
may be provided as separate units apart from th 
starters. However, there is a definite trend toward tha 
use of so-called combination starters, which includd 
a standard starter plus a circuit breaker or fused moton 
circuit switch in a common enclosure. 

To the user, combination starters offer the following 
principal advantages: one unit, instead of two, haa 
to be mounted and installed; and interconnecting wir- 
ing between protective device and starter need not ba 
run through a conduit, but is included in the unit. All 
parts of the combination starter, including the wiring, 
are so designed and correlated that they can withstand 
the effects of available short-circuit currents for which 
the unit is rated. 

Shown in Fic. 6(a) is a combination starter with a 
molded-case air circuit breaker for short-circuit pro- 
tection. Such starters can be connected to power sys- 
tems that have available short-circuit currents up 
to 15,000 amperes at the point of starter installa- 
tion. The starter is mounted in a general-purpose en- 
closure so designed that the breaker can be operated 
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nd the overload relays reset without opening the 
nclosure cover. Fic, 6(6) illustrates a combination 
varter with fusible motor-circuit switch. Fuses may 
ither be ordinary NEC cartridge fuses or current- 
miting fuses, which are designed and tested for in- 
truption of much-higher levels of available short- 
ircuit current. 


hermal Co-ordination 


Ratings of fuses and circuit breakers used in com- 
ination starters must be sufficiently high to avoid 


Fig. 6. 
molded-case circuit breaker; 


(a) 


(b). 


terruption of the motor power circuit during starting. 
a the other hand, their rating should be as low as 
asible to obtain quick circuit interruption under 
ult condition and to keep the energy, flowing through 
e branch-circuit conductors and the starter during a 
ult, at the minimum. On the basis of many years of 
erating experience, the National Electrical Code has 
tablished tables for maximum settings or ratings of 
cuit breakers and fuses that range, according to 
stor types, between 150 and 300 percent of motor 
l-load current. 
Exceptions may be taken to these tables, should 
rticularly severe starting conditions make it im- 
ssible to start the motor without tripping the 
2aker or blowing the fuse. The Code, however, states 
at the circuit-breaker trip setting or the fuse-current 
ing should not exceed four times the full-load current 
the motor with which the starter is used. This 
use has been inserted to prevent possible melting of 
» overload-relay heaters, which might set off a short 
cuit within the starter, with resultant severe 
mage. 
The Code makes no choice between circuit breakers 
1 fuses for short-circuit protection. The following 
nts, however, may be considered. Motor starters of 
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Combination starters, NEMA Size 3 (100 amp): 
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Size 3 or smaller have relatively limited thermal capac- 
ity. Overload-relay heaters for smaller motor sizes 
are wire-wound, and current-carrying parts may melt 
quickly when exposed to the high initial short-circuit 
current. Fuses generally interrupt high short-circuit 
currents faster than do circuit breakers, hence fuses 
afford better protection for smaller-size starters. 
Molded-case circuit breakers cannot be obtained 
with trip ratings of less than 15 amp. Hence, for 
smaller motors than 8 hp at 440 volts, having a full- 
load current of approximately 4.5 amp, the Code re- 


With 


(a). 


With fusible motor-circuit switch 


(0) 


quirements given here cannot be met. This is an added 
reason why, for smaller sizes of combination starters, 
protection by fuses is preferred. 

Circuit breakers are preferred by many users because 
the inconvenience of replacing blown fuses is avoided. 
Size 4 and larger starters have comparatively greater 
mass in their current-carrying parts and, consequently, 
greater heat-storing capacity, and overload-relay 
heaters are made of strip instead of wire. Therefore, 
most users prefer circuit breakers for Size 4 and larger 
starters. 


JIC Construction 

The Joint Industry Conference of Automotive 
Manufacturers has issued a “JIC Standard” governing 
the design of electrical equipment for use on machine 
tools and other production machines in the automotive 
industry. This standard has been developed in the 
interest of safety and continuity of service. A combina- 
tion starter meeting the JIC requirements is illustrated 
Toye ay (Cae 

Disconnecting means, operable from the outside, are 
provided by a motor-circuit switch, which may be 
fused. A control-circuit transformer is included to re- 
duce the contactor coil voltage to 110 volts, so that 
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push buttons and other pilot devices are not subjected 
to line voltage. The enclosure, which meets NEMA 
Type XII requirements, is especially designed for 
mounting on production machines. 

The box is of all-welded construction, and all seams 
are tight, so that no oil or coolant can enter through 
the back or the sides. There are no mounting holes, a 
separate supporting plate being welded to the back. The 


Fig. 7. Combination starter, NEMA Size 1 in NEMA Type 
XII enclosure, designed to meet JIC Standard 
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cover is hinged and gasketed, to provide a semidust- 
tight joint between cover and box, and is held closed 
by screws, requiring a screwdriver for opening. Pro- 
vision is made for padlocking the cover. 


Control Centers 

When a number of motors are installed in a plant 
within a comparatively limited area, the starters for 
such motors may be combined in a_ co-ordinated 
structure called a control center (Fic. 8). A control 
center, serving to control power-utilization apparatus, 
consists of vertical sections, each containing several 
compartments in which combination starters are in- 
stalled. Each compartment contains the starter for con- 
trol and protection of the motor, as well as the circuit 
breaker or fused switch for branch-circuit short-circuit 
protection. 


Several vertical sections form a line-up, with a bus 
compartment at the top that contains the main power 
buses, to which the starters are connected through ver- 
tical risers. All bus work is properly spaced and braced 
to withstand the forces of the maximum available 
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short-circuit current for which the equipment is de 
signed. The control center shown in Fic. 8 contain 
molded-case breakers; thus its interrupting capaciti 
would be 15,000 amp. To the user, the control centé 
offers the advantages of reduction in installation tim 
and expense, and the assembly represents a ce 
ordinated system, properly designed for its rated shee 
circuit interrupting ability. 


4 


Conclusion 
The development of a new line of motor starters oil 
major design-engineering undertaking. Knowledge ¢ ¢ 
applied physics, mechanical and electrical engineering 
metallurgy, materials chemistry, and other fields ¢ 
science and engineering are utilized in working out th 
design details. Manufacturing methods must be serv 
tinized before the design can be frozen. While theon 
and analysis are necessary to evaluate design principles 
a well-equipped laboratory must be at the designer: 
disposal so that those details which do not yield readili 
to analysis may be worked out experimentally. TE 
result of the design effort invested in the new line ¢ 
motor starters is increased life and reliability throug 
better utilization of material and better control of i 
properties. 


| BERERAI § 


Fig. 8. 


“Control center” assembly of combination starters 
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ERVOMECHANISMS 


ctors of stability and accuracy in automatic 
ntrol systems, and the development of means 
solving the related engineering problems 


By HAROLD CHESTNUT and ROBERT W. MAYER 


Aeronautic and Ordnance Systems Department 


General Electric Company 


JECENT trends‘ in the development of modern 
\ civilization have been in the direction of greater 
itrol. With the advent of the steam engine and the 
terial improvements brought about by the industrial 
olution, man has had available greater quantities 
power for his use. To utilize this power effectively, 
has been required to learn how to control and how to 
ulate it. The increased interdependence of individuals 
d groups of individuals upon one another during this 
riod has made it necessary for a greater measure of 
‘ulation to be exerted in the field of social activity 
well. 

As part of the control process, whether it be of 
rsons or of things, certain standards are established. 
ie performance of the equipment or of the individual 
compared to these standards, and according to the 
ference, appropriate action is taken to bring about a 
ser correspondence between the desired objectives 
d the actual performance. Examples of this type of 
rulating action are common in the operation of pro- 
tion or accounting groups in business as well as in 
operation of mechanical, electrical, thermal, and 
ler engineering equipment.“ In some of these regu- 
d systems a long interval of time occurs before the 
formance being controlled is compared to the de- 
sd objectives. An annual manufacturing inventory 
a quarterly financial statement illustrates this point. 
the automatically controlled engineering equip- 
nt, the comparison may be made many times per 
nd. The point of interest is that the need for good 
trol is present in many phases of our existence. 
s problem is to determine the desired objectives and 
best ways of producing these objectives. Although 
material of this article is limited to a study of prob- 
$ pertaining to the field of engineering applications 
utomatic control, there is the possibility that some 
he philosophy of feedback control set forth here 
ht be employed to advantage for other forms of 
trol problems. 

ortunately for engineers, the desired objectives for 
r equipment are fairly well defined and the means 
measuring the performance of this equipment are 
tively simple and accurate. For example, it is de- 
d that the voltage and frequency of a power system 
Bie ele conesituies the fr cea etcld Chestnut end Tone W Mayer, 


hed by John Wiley and Sons, Inc., New York (1951). It is reprinted 
Be eon of the authors and publisher.—EpiTor. 
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be maintained within certain tolerances,®)®) that the 
speed or position of a motor shaft should obey certain 
prescribed conditions,“ or that the motion of one in- 
strument or shaft should faithfully duplicate the 
motion of another.» All these are problems in which 
the nature of the control requirements and references 
for describing these requirements can be established 
fairly well in advance. The meters, oscillographs, or 
error-sensing elements for determining the quality of 
performance are generally available.» 

The advances of the technical arts have made 
available, in form suitable for control, amounts of 
power with high speeds of response such that man is 
unable to compete with machines for the power portion 
of the control. Furthermore, in the measuring or error- 
sensing portion of the control, instruments are in many 
cases more accurate, more rapid, more reliable, and 
cheaper than a human being who might be called upon 
to do a similar job manually. Thus man has found 
means for having some of his mental labor as well as 
much of his physical work done by machines. With 
these power and sensing means available, the field of 
automatic control is opened to relieve man of many of 
the monotonous and disagreeable aspects of many 
routine tasks and to make possible the accomplishment 
of labors that are humanly impossible. It is these 
features that make automatic control so attractive. 
Not only is it possible to reduce the amount of manual 
labor required, but it may also be possible to achieve 
a higher degree of performance than would otherwise 
be possible. 

In this article the general form of the feedback con- 
trol problem is presented. The factors of stability and 
accuracy associated with such a control are indicated. 
Next the means that have been developed for solving 
these engineering problems are described. To emphasize 
the various phases of the actual solution to the design 
problem, the general steps in solving a typical control 
problem are outlined. A brief review is presented of the 
development of the regulator and servomechanism 
arts up to the present time, when they are being merged 
to form the more unified science of feedback control 
systems. An attempt is made to indicate the direction 
that will be taken by future developments in the field 
of automatic control. 


()Numbered references are listed at the end of the article. 
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FEEDBACK CONTROL SYSTEM 

The terms servomechanism and regulator have been 
described and defined many times in the literature. As 
used here, they refer to a feedback control system in 
which the difference between the reference input and 
some function of the controlled variable is used to supply 
an actuating error signal to the control elements and 
the controlled system. The amplified actuating error 
signal endeavors to reduce to zero the difference be- 
tween reference input and the controlled variable. A 
supplemental source of power is available in such sys- 
tems to provide amplification at one or more points in 
the feedback control system, so that the possibility 
exists for self-excited oscillations or instability. 

Fic. 1 is a block-diagram representation of a simpli- 
fied feedback control system. In addition to the princi- 
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Fig. 1. Block diagram of simplified feedback control system 


pal variables, described in the preceding paragraph 
and shown by the solid-line portions of the diagram, 
the desired value, the indirectly controlled quantity, 
and the disturbance function are shown. The desired 
value represents the value it is desired that the control 
system reproduce, and it differs from the actual refer- 
ence input by the characteristics of the reference input 
elements. The indirectly controlled quantity represents 
the quantity that is the actual system output. It differs 
from the controlled variable by the characteristics of 
the indirectly controlled system elements. The dis- 
turbance function represents an unwanted input to the 
system that tends to cause the controlled variable to 
differ from the reference input. The disturbance func- 
tion elements shown by the dotted lines are inter- 
mediate between disturbance function and the con- 
trolled system itself. The dotted lines associated with 
the reference input and indirectly controlled system 
elements serve to indicate that these elements, when 
equal to unity, have a limited effect on the feedback 
control problem. 

In many feedback control systems, the operation of 
all parts of the control system is continuous and auto- 
matic. By means of the continued use of the actuating 
error, such a feedback control system can be made 
accurate without requiring high accuracy or constant 
performance characteristics for all the control elements. 

The principles of feedback control operation may be 
used effectively for any one of a number of different 
physical kinds of control problems, whether they em- 
ploy electrical, mechanical, thermal, or other forms of 
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control elements. Table I indicates some comm 
forms that these variables and elements take for a fe 
types of feedback control systems. 


Requirements of Stability and Accuracy 

The basic principle of feedback control or close 
loop operation tends to make for accurate performan 
since the control system endeavors continually to e 
rect any error that exists. However, this correcti 
action can give rise to a dangerous condition of u 
stable operation when used with control elements ha 
ing a large amount of amplification and significant d 
lays in their time of response.“ An unstable conti 
system is one that is no longer effective in maintaini: 
the controlled variable very nearly equal to the d 
sired value. Instead, large sustained oscillations 
erratic control of the controlled variable may take plac 
rendering the control useless. 

If stable feedback control system performance is li 
that of a manually controlled system with a capat 
and well-trained operator, unstable feedback conti 
system performance may be compared to that of t 
manually controlled system with an untrained and | 
responsible operator. Rapid and destructive respon 
of the system may result in which adequate control 
impossible, and destructive action of the controll 
variable may occur. 

If, in an effort to increase the accuracy of the com 
system, one increases the amplification of the cont: 
without taking adequate steps to insure stable oper 

: 
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TABLE I : 
LISTING OF VARIOUS FORMS OF FEEDBACK CONTROL SYSTEM 
QUANTITIES 
: Error- Indireetl 
D d Ref : Controlled 
Yainc’ Rafgpane®Peeaback measuring Ggntrlled Contra 
it 
Voltage Poten- Voltage Voltage Terminal Load 
tiometer detector voltage voltag 
voltage 
Spring. Current  Galva- { 
tension nometer 
element ; 
Position Angular Angular  Differen- Machine Dimen- 
shaft. shaft. tial gears tool sions 0 
position position position meta 
: being « 
Electric Angular  Selsyn R 
field shaft control 
position _trans- 
former 
Tem- Thermo- Bimetal Bimetal Oven ae 
pera-  statcon- position thermo- tem- tem- 
ture tact set- stat pera- pera- 
ting ture ture q 
Potenti- Thermo- Thermo- ; 
ometer electric couple 
voltage voltage 
Speed Standard Voltage Voltage Governor Alternat 
voltage detector speed speed 
Calibrated Governor Linkage 
spring position position 
position | 
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mn, the advantages of the feedback control principle 
ove illusory. Furthermore, it is necessary to do more 
an have a system that is stable; one must have a 
stem that has an adequate margin of stability and 
n recover rapidly and smoothly from the shocks of 
egular inputs or of severe disturbances. 

The requirements of stability and accuracy are 
utually incompatible. The higher the desired ac- 
racy, the smaller is the actuating error that can be 
lerated for proper corrective action, and the sooner 
ust full corrective action be initiated. Thus, to be 
curate, a system requires high amplification. How- 
er, with high amplification more corrective action of 
e controlled variable can take place for a given error, 
id the time during which the corrective action is re- 
tired is decreased. 

Time delays in the various control elements and the 
mtrolled system that were not significant in a low- 
in system may become appreciable for the system 
th high amplification. After the corrective action is 
arted and the need for correction has ceased, the 
herent time delay of the system elements may prevent 
opping the action of the control elements in time to 
event an overshoot by the controlled variable. The 
rershoot may be greater than that which initiated 
e control motion, and the process of continued 
trective action, building up to violent oscillations, is 
us started. 

Following this line of reasoning, one sees that the 
ne delays present in the control elements cause the 
stability. By appropriate use of ‘“anticipation’”’ 
eans to compensate for the inherent time ‘‘delays’’ 
the control elements, it is possible to obtain a high- 
in system with satisfactory stability. Although 
iproved accuracy and adequate stability can be ob- 
ined, they are achieved only at the expense of addi- 
ynal equipment or complexity. 


athematical Basis for Stability 
Essential and valuable as is the physical picture of 
ability, mathematical definitions provide more useful 


| : Reference 
Input, R G Controlled 
he variable, C 


Fig. 2. Open-loop control system 

dd exact means of describing system performance. 
1e principal mathematical means for determining 
bility of linear control systems are the following: 


(1). Locating by analytical or graphical means the 
tual position on the complex plane of each of the 
ots of the characteristic equation of the system 

(2). Applying Routh’s stability criterion™) to the 
efficients of the system’s characteristic equation 

(3). Applying Nyquist’s criterion to a graphical 
xt of the open-loop response of the system as a func- 
yn of frequency for a sinusoidal driving function. 
The labor involved in locating the exact position of 
2 roots of the characteristic equation or in calculating 
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their values is such as to limit the use of this method. 
The Routh criterion involves the use of a brief, simple 
algebraic process and permits the ready determination 
of the system stability. However, the graphical data 
necessary for applying Nyquist’s criterion provide quan- 
titative information on the accuracy of the system, the 
degree of system stability, as well as the system 
stability itself. Hence it is the Nyquist stability crite- 
rion in one or more of its modified forms that is used 
most extensively to determine system stability. 

The Nyquist stability criterion places on a firm 
mathematical basis the well-known physical fact that, 
when the feed-back signal to a control element is equal 
in magnitude and in phase with the actuating signal 
producing it, instability will result. Thus the Nyquist 
criterion establishes the necessary conditions for 
stability in terms of the ratio between the sinusoidal 
actuating signal and the feedback signal. The ratio is 
expressed by an amplitude and a phase relationship as 
a function of frequency. This ratio can be determined 
with the feedback not connected to the error-measuring 
element; thus the system need not be a closed-loop one 
under the conditions during which the stability as a 
feedback control system is evaluated. As such, the 
analysis of the problem is reduced somewhat in com- 
plexity, although the results are valid for the more 
complicated feedback control condition of system opera- 
tion. 


Features of Feedback Control System Performance 

The two principal advantages of feedback control 
over control without feedback are that lower tolerances 
and greater time delays can be permitted for the con- 
trol elements. To appreciate some of the advantages of 
the feedback control system, a comparison will be made 
between the open-loop and closed-loop (feedback) 
control systems. Fic. 2 and 3 are block diagrams show- 


Reference 
input, R 
+ 


Actuating 
error, 


Controlled 
variable, C 


Fig. 3. Feedback control system with direct feedback 

ing how the controlled variable C is related to the refer- 
ence input R for each of these two systems. The ratios 
of the controlled variable to the reference input for the 
open-loop and feedback control systems are, respec- 
tively, 


(C 

—=G J 

R (1) 
and 

ete (2) 

eye Gt 


where C/E=G;, and E£ is the actuating error. 


The terms G and G, represent the transfer functions 
of the control elements. In addition to gain or constant 
terms, the transfer functions may contain time- 
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functional relationships having a wide range of values 
from 0 to © under varying input conditions. 

In contrast with the feedback control system in 
which the controlled variable is compared directly to 
the reference input to provide the error signal that 
actuates the control system elements, the open-loop 
control system makes no direct comparison of these 
two variables. Thus it is assumed that the transfer 
function G is known and fixed so that the value of the 
controlled variable is known for each and every value 
of the reference input and its time variation. An ex- 
ample of this is a meter element; the deflection of the 
meter pointer is calibrated against a standard input— 
for example, a voltage. Subsequently it is assumed that 
the meter response is identical with its calibration 
figure and that the same input voltage will produce the 
same pointer deflection. However, a change in the 
characteristics of the transfer function G of the meter 
element may cause the same input to produce a value 
of output different from the calibrated value. The 
change in the value of the output, in terms of a change 
of the transfer function alone, is 


Change in h ire: Proper value 
controlled > = EN ox of controlled (3) 
variable Bo By Stay variable 


From a knowledge of the value of the controlled 
variable alone, it is impossible to distinguish between 
a change in the reference input and a change in the 
transfer function. Thus very close tolerances in manu- 
facture and constancy of controller characteristics with 
time are required to obtain high performance of an 
open-loop system. 

For the closed-loop system there is less need for 
maintaining the transfer function constant, provided 
that the value of the transfer function G; is large. This 
may be seen from Equation (4), where the expression 
for the change in the value of the controlled variable 
in terms of its proper value and the transfer function 
G; of a feedback control system are shown. 


Change in 1 
controlled > = (.) 
variable 1+G 


Change in G, 
Proper value of G; 


(4) 


Proper value 
of controlled 
variable 


Although the change in the controlled variable is 
proportional to the change in the transfer function Gi}, 
there is a greatly reduced multiplying factor of 1/1+G, 
that decreases the size of the actual change in the con- 
trolled variable caused by changes in G,. If G, has a 
value of the order of 10 or more, the advantages of 
feedback control operation in this respect are at once 
evident. Thus, even with the use of lower-precision 
components or ones subject to wider variation under 
use, it is still possible to maintain high-precision feed- 
back control performance. 

Two additional items are worthy of note in this brief 
comparison of open-loop and feedback control systems. 
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First, it is not always physically possible to perforn 
direct comparison of the controlled variable to the ref 
ence input as shown in Fic. 3. For example, the ref 
ence input may contain present input data for a co 
puter that has as its controlled variable some functior 
relationship of the reference input such as the fut 
value of the controlled variable after some period 
time—for instance, Ty. Only by performing a duplice 
calculation or by allowing the time 7} to transpire is 
possible to know if the performance of the system 
seconds ago was correct. Thus it is clear that for certe 
control problems it is difficult to provide an err 
sensing device that can compare the value of the ec 
trolled variable to the reference input to modify t 
controlled variable properly. 

Second, a feedback control system may be design 
have the controlled variable very nearly equal to t 
reference input for only certain types of input signa 
For other signals the feedback control system m 
purposely be designed to make the controlled varial 
reproduce little or none of the input.“ As an examy 
of this, position servomechanisms are frequently ¢ 
signed to possess low band-pass characteristics. ] 
this it is meant that reference input signals having k 
frequency or constant values are transmitted witho 
appreciable error. The system transmission for high 
frequency signals, which generally represent extraneo 
inputs, is purposely designed to be small, and the ec 
trolled variable has a high error for this type of inpt 


FEEDBACK CONTROL SYSTEM DESIGN 

As already pointed out, it is difficult to achieve bo 
a high accuracy and a high degree of stability in a fee 
back control system without increasing its complexi 
and cost. The design engineer continually balance 
these factors in his effort to arrive at the system tk 
will satisfy the job requirements. For this reason it 
important that the design engineer have availal 
methods of synthesis and analysis that make 1] 
process of arriving close to the optimum desigt 
simple one. 1 

Present-day methods of synthesis and analysis have 
ready gone far in satisfying this need. The work of t 
Nyquist and Bode“) has been developed and ¢ 
tended. There are now available methods of synthe 
and analysis that remove much of the drudgery fromt 
problem of servomechanism system design. Th 
methods now make possible the synthesis of more co 
plex multiloop systems that hitherto have present 
an overwhelming analytical problem when only t 
more classical differential equation methods we 
available. With these design methods, the designer 
less burdened with laborious mathematical studies a 
is able to devote more of his time to understanding 1 
physical principles involved in his problem. As a rest 
the control of more complex physical processes is mé 
possible. 

A satisfactory feedback control system can now 
designed many times faster than was possible onl 
few years ago. Complete systems need not always 
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t up to arrive at optimum conditions by the “‘cut- 
id-try’’ process.) If it is necessary to determine some 
the parameters in this fashion, the number of 
stmutations and combinations is rapidly reduced by 
sing present-day methods of analysis as a guide. The 
sign engineer need-no longer struggle with the solu- 
on of a high-order differential equation to determine 
le system characteristics. More important still, he 
sed no longer attempt to synthesize a servomech- 
usm system by determining the effects of various pa- 
umeter changes in the coefficients of the differential 
juation, and then the effects of the changes on these 
efficients on the over-all system characteristics. It is 
uly a field, today, in which a practicing engineer can 
mnfidently engage without being a highly trained 
athematician or an experienced cut-and-try experi- 
lenter. : 


ecommended Design Procedure 

In order for the practicing engineer to arrive at a 
edback control system design that best meets the 
quirements of a particular application, it is desirable 
lat a general design procedure be available. Such a 
rocedure has grown up in the last few years. By using 
le recommended procedure as a reminder of points to 
eck, the engineer will arrive at a good common-sense 
assign that best meets the requirements of the job. 
ich a design should be reliable in performance, 
onomical in cost and operation, capable of ready 
anufacture, light and durable, and easily serviced. 
A suggested procedure in designing a feedback con- 
ol system is outlined below: 


(1). Obtain a complete understanding of the job 
quirements 

(2). Interpret these requirements in terms of such 
osed-loop design characteristics as frequency response 
id transient response 

(3). Establish the approximate open-loop charac- 
ristic that will satisfy the closed-loop requirements 
(4). Determine the characteristics of the existing 
mmponents that are a part of the job 

(5). Select components, design amplifier and stabiliz- 
g circuits, and perform such other design require- 
ents as to satisfy the necessary open-loop character- 
ICS 
(6). Refine the open-loop characteristics to gain 
‘cuit simplicity and facilitate manufacture 

(7). Check the design experimentally if possible. 


It is of interest to examine each of these points in 
ore detail. 

The importance of completely understanding the re- 
irements of the job is often overlooked in the haste 
proceed with the more material aspects of the design. 
‘should be realized, however, that without proper 
formation regarding the job that the feedback control 
stem must perform, the final design may be over- or 
derdesigned. Complete information should always be 
tained on such important characteristics as the re- 
ired speed of response, smoothness of operation, duty 
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cycle, power-supply stability, operating temperatures, 
allowable errors, and types of input motion or load 
disturbances. 


Having acquired this information from the customer, 
the designer must, as a first step, interpret it in terms 
of the customary performance characteristics of the 
servomechanism system. If the customer has not al- 
ready given definite information on the frequency 
response or transient response, these requirements 
must be interpreted from the data that the customer 
does have available.“ The designer should know as a 
function of frequency the allowable characteristics for 


error controlled variable d controlled variable 
Ss eee oe , 
reference reference load disturbance 


if he is to make a good design. After having made this 
interpretation of the customer’s problem, the designer 
should have a clear conception of the closed-loop 
characteristics that the system must exhibit, and he 
should be in a position to proceed with the determina- 
tion of the open-loop characteristics. 


The most direct path in design is to decide what is 
required and then to proceed to design the device 
directly from these requirements. This often has not 
been possible in servomechanism design, because there 
was no path to establish the system parameters 
directly from the closed-loop characteristics. Instead, 
extremely time-consuming cut-and-try methods were 
used. In more recent years the complex plane plots and 
attenuation-phase diagrams“), have greatly reduced 
use of the cut-and-try process but have not completely 
eliminated it. 


In an effort to reduce further the use of the cut-and- 
try process, a series of charts has been made available@” 
that make it possible for the servomechanism design 
engineer to go directly from the desired closed-loop 
frequency or transient response to the open-loop 
attenuation diagram. In this way the gap between the 
closed-loop and open-loop characteristics is consider- 
ably shortened. Later in the design it may be necessary 
to refine the open-loop characteristic to fit the require- 
ments of the problem more exactly. 


For a new system in which the motors or other con- 
trol elements are not yet established, the next logical 
step is to choose devices such as generators, motors, or 
other power elements that have the proper dynamic 
characteristics to satisfy the open-loop characteristic 
without the need of additional feedback to improve 
their dynamic response.“®) However, many times the 
requirements are such that additional feedback about 
the output devices will be required to improve their 
speed of response. Frequently, because of economic 
considerations, the servomechanism designer will find 
that he has the problem of using a control element 
whose dynamic properties are somewhat inadequate 
for the job. It is then the task of the designer to modify 
the dynamic properties of this element as best he can 
and to make the best compromises in the open-loop 
response so as to meet most nearly the closed-loop 
response. 


Before the designer can modify the dynamic response 
of these already existent components, he must, of 
course, know their dynamic properties. Thus, if such 
components already exist in the system, the designer 
should proceed to obtain their characteristics before 
attempting to synthesize the open-loop characteristic. 
It is here that, many times, certain measurement 
techniques prove to be very useful in saving time in 
determining the characteristics of the devices.“ 

Having the characteristics of the output devices and 
the desired open-loop response, the designer is then 
in a position to select the circuit components and design 
the amplifiers and other elements required to meet 
the open-loop characteristics. Charts have been com- 
piled that make it possible to select the desired net- 
work configuration after its transfer function has 
been determined from the open-loop characteristic. 
Both a-c and d-c amplifier design are well treated in 
the current literature.2)» However, there are certain 
aspects of amplifier design such as “‘drift’’ and change 
of ‘‘stage gain’’ as a result of tube aging, power-supply 
variations, and other factors that are of great impor- 
tance to the servomechanism design engineer. 

In many instances, before the design is frozen it 
may be necessary to make further refinements. From 
a practical design standpoint it may be found that 
considerable circuit simplification can be achieved 
by slight modifications of the network transfer func- 
tions. If this is done, it may be necessary to refine the 
open-loop characteristics to include the change. One 
example of this is the use of feedback circuits to achieve 
transfer functions similar to simple series circuit 
elements but using smaller components. 

After the design is completed, it is important that 
it be checked experimentally if possible. Such a check 
is valuable for two reasons. First, it guarantees the 
customer receipt of a system that meets his specifica- 
tions; second, it provides the engineer with valuable 
experience for use in his future designs if the check 
should reveal errors. Many experimental techniques 
have been devised to measure the closed-loop char- 
acteristics of the final system as a check on design. 


DEVELOPMENT OF THE FIELD OF FEEDBACK 
CONTROL SYSTEM 


Regulator and servomechanism are terms that have 
been applied to feedback control systems. Although 
equipments of the two types may be similar if not 
identical in their physical appearance, the difference 
in name arises primarily from the different nature of 
the types of inputs and disturbances to which the 
control is subjected and from the number of integrat- 
ing elements in the control. The close functional 
similarity of these two types of control systems has 
resulted in their recently being given the common 
title of feedback control systems. 

The regulator is a type of device long used in many 
different forms in the central-station and industrial- 
control fields to regulate such quantities as power 
system voltages, paper drive speeds, or roll tension in 
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winding applications.?),) Regulators are designe 
primarily to maintain the controlled variable or syster 
output very nearly equal to a desired value, at whic 
it is to be regulated despite fluctuations of the loa 
on the output. Although occasionally it is necessar 
to maintain control of the output as the desired valu 
is varied over a range of values, this is not the principé 
feature of regulator operation. Generally a regulate 
does not contain any integrating elements. 

The term servomechanism is more recent, appa 
ently being first used in an outstanding paper by H.1 
Hazen) in which, in 1934, he set forth a detaile 
analysis of on-off and continuous-control servomeche 
nisms for position control. The major emphasis in tha 
paper, and in many other servomechanism application 
after that time,@),),@) was on the design of a cor 
trol capable of producing a controlled output positio 
very nearly equal to a reference input position, whic 
in general is a simple function of time. The effect c 
load fluctuations and other disturbances was generall 
not of major importance in this type of system an 
was given less emphasis in the servomechanism desigr 
Generally one or more integrating elements are con 
tained in the forward transfer function of a serve 
mechanism system. 

Many of the military applications required durin 
the first World War indicated the desirability of rapic 
accurate, and automatic control of position for suc 
applications as remote indicators and power drives fo 
moving heavy loads. Early developments of conside1 
able importance in this field of servomechanisms du 
ing the 1920’s were automatic controls for steerin 
ships and for positioning naval guns on ee 
Minorsky’s work in providing automatically controll 
ship steering is a classic in the development of serve 
mechanisms.);(9) : 

Because of the understandable necessity for militar 
secrecy in much of the development in the field ¢ 
position controls, and because of the somewhat differen 
design emphasis on regulator and servomechanist 
applications, it is not suprising that the similarity ¢ 
these two phases of the control problem was _ ne 
emphasized and exploited more fully. Although, duri1 
the second World War there was little exchange oi 
formation between the servomechanism and regulate 
design engineers, since 1945 there has been a health 
exchange of ideas. 

Early designers in the field of feedback control sy: 
tems made almost exclusive use of the differentia 
equation method of problem analysis, for it aided the 
intuition and gave them a physical picture of the r 
quirements of the control system. The work of Mino 
sky and Hazen makes use of the differential-equatio 
approach. Later this differential-equation, or transien 
approach was greatly extended by Brown, Hall,¢ 
and others, to provide general nondimensionalize 
information,“ concerning servomechanism respon: 
and design methods for the simpler control system 
The use of the Laplace transform was found to t 
advantageous for this work. Although still used e& 
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nsively, the transient method of analysis has been 
nerally supplanted by the steady-state sinusoidal 
ialysis and synthesis methods. 

In the early 1930’s, work in the seemingly unrelated 
ald of feedback amplifier design by Nyquist and 
lack6) brought about the development of the theory 
the stability of closed-loop systems on the basis of 
le system open-loop response to steady-state sinusoidal 
citation. This basic concept provided data upon which 
ter developments were made to provide the modern 
chniques of feedback control design, which are based 
90n steady-state response characteristics. Bode, in 
938,9) showed the intimate relationship between the 
tenuation frequency and phase characteristics of 
inimum-phase electrical networks, a relationship 
ter used for the more general control problems. 

The impetus of military demands for automatic 
ontrols in the second World War permitted concentra- 
on of a large amount of effort in the field of servo- 
lechanisms. Tremendous strides were made during 
is period in extending the design and analysis tech- 
ques as well as in the construction and operation of 
astly improved feedback control systems. 

Harris in, 1941,° and Hall, in 1943,@” illustrated 
ow the complex-plane approach of Nyquist could be 
sed for purposes of servomechanism design and 
nalysis. In addition, these men provided a most useful 
iterpretation of the various vectors on the complex 
lane in terms of their physical significance as part of 
1e servomechanism problem. During the years 1941 to 
945, Bomberger and Weber,“*) MacColl, Nichols,@ 
ode,“ and others®” indicated how Bode’s atten- 
ation-phase concepts could be applied to the servo- 
iechanism design problem to provide a more direct 
ethod of servo system analysis and synthesis. The 
fects of the extraneous inputs (noise) on servomecha- 
ism performance and design were considered by Weiner, 
hillips,“® Hall, and others during this same period. 
n effort was made to establish criteria for the “‘opti- 
1um’’ servomechanism performance under the condi- 
on of combined signal and noise inputs to a servo- 
echanism. 

Of comparable importance to the development of 
alytical tools for solving feedback-control analysis 
d synthesis problems was the development of im- 
oved power sources, error indicators, and other com- 
nents for supplying the practical needs of the servo- 
echanism designer. Typical of these are such devices 
the amplidyne for obtaining a high-gain rapid- 


ntrol transformer for supplying an electric signal 
oportional to rotational error,“ and a number of 
draulic pumps, motors, and amplifier units for 
urces of power and control. 

Since the end of the second World War a great deal 
the control system information developed during 
e war has been published in books®,@9,(9),40,@), 
4 and articles that have materially aided the wide- 
read development and use of servomechanism design 
ethods. At present, general servomechanism concepts 
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are being used in many applications previously con- 
sidered to be regulator problems. Gradually, under the 
leadership of such men as Brown, Herwald, Crever, 
and Ahrendt, an effort has been made to draw the 
fields of regulator and servomechanism design together 
under the more inclusive heading, feedback control 
systems. Under the stimulus of the postwar demand 
for goods, faster and more accurate industrial controls 
are being designed and built to utilize components 
developed in wartime. Steel- and paper-mill drives 
and machine-tool controls are representative of such 
applications.@), Simple position-control servomecha- 
nisms are being used in more complicated control 
systems for guided missile and other intricate applica- 
tions. 


Recent progress in servomechanism applications has 
been great, but large segments of engineering activity 
remain available for future development. Without 
question, automatic feedback controls have become 
an important and integral part of the modern manu- 
facturing and industrial processes. Automatic flight 
control and military applications of automatic control 
are being further extended.“)»“¢® Already somewhat 
automatically controlled, the chemical process-control 
industries will become more completely automatic in 
the future, as refined measuring means are developed. 
More widespread use of simple computers for providing 
means of completing the feedback control loop will 
permit more fully automatic operation of comprehensive 
control problems.” 


In the field of analytical development, the future 
will doubtless see greater understanding and use of 
nonlinear control elements. If possible, the present 
highly developed linear theory will be extended to 
permit rapid and accurate analysis of servomechanism 
systems with such unavoidable nonlinearities as satura- 
tion and backlash. The work of Kochenburger“” is an 
important step in this direction. Although the use of 
such aids as simulators“) and analogue and digital 
computers), at present permits the analysis and 
synthesis of nonlinear servomechanisms, it is hoped 
that simpler, less expensive ways may be made avail- 
able for handling this type of design problem in the 
near future. 

In addition there doubtless will be improvements in 
the components and equipment that make up the 
feedback control system. Smaller, more accurate, and 
reliable error- and rate-measuring devices as well as 
greater power and lighter, faster control elements are 
representative of the component advances that should 
be made in the future. 
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Concrete crane and transport runways 
at a Midwestern industrial plant are being 
kept clear of snow by application of 
heating cable. Just before the worst part 
of the winter last year, the company lined 
the runways with flexible lead-covered 
heating cable. The installation, compris- 
ing 40,000 ft of cable, covers four concrete 
runways ranging from 100 to 275 ft in 
length and about ten feet wide. 

Step-down transformers, to supply cor- 
rect voltage for the nonstandard lengths of 
heating cable, were built especially for 
this installation. This required secondary 
voltage is about 180 volts for the shortest 
runway and about 500 volts for the long- 
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est. The heating cable is laid on wire mats 
about 21% to 3 inches below the surface 
and on approximately 3-in, centers. Tile 
drains installed along the edges of the 
runways provide adequate drainage for 
the melted snow. 

In its greatest test to date last winter 
after a week-end snowfall, with the outside 


temperature at eleven degrees below » 


zero, the heating cable was able to clear 
the runways in a few hours. 


Concrete runways are being kept clear of winter’s 
worst blasts by means of a novel application of 
heating cable 
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oe regulation of feeder voltage by means of a 

voltage regulator is primarily a distribution prob- 
m. Those engineers familiar with the complexities of 
roviding adequate consumer voltage will readily agree 
1at the ultimate in voltage control can be obtained 
ith individual feeder regulation, but it is not sound 
ngineering to arbitrarily recommend single-phase 
sgulation to the exclusion of three-phase regulation. In 
eneral, the two major considerations involved in a deci- 
on between bus and individual feeder regulation are: 


Central Station Engineering Divisions 
General Electric Company 


(1). The quality of regulation to be obtained 
(2). The economic considerations involved. 


QUALITY OF VOLTAGE REGULATION 

The tolerable voltage conditions for the ultimate 
sers’ requirements, for a given feeder, or even a group 
f feeders, are dictated by the operating characteristics 
f the consumer’s equipment. The actual maximum 
r minimum voltage conditions allowed on a feeder or 
) a customer are usually well within these tolerable 
mits. These maximums and minimums are set by 
sate Public Utility Commissions or the utility manage- 
lent, engineering, or operating divisions. The ultimate 
im in a voltage-regulator application is to maintain 
t the terminals of the utilization equipment a relatively 
onstant and correct voltage level. How well this aim 
f relatively constant and correct voltage level is 
ilfilled is in reality a measure of the quality of voltage 
ssulation. It may be emphasized that the quality of 
oltage regulation is dependent upon the method of 
sgulation, the regulator band width, and the regula- 
yr’s control accuracy. 


lethods of Voltage Regulation 
In the distribution area, the methods of regulating 
oltage by means of voltage regulators are commonly 
assified as: 
(a). Bus regulation, usually three-phase 
(b). Individual feeder regulation, three-phase or 
single-phase 
(c). Supplementary regulation, usually single-phase 


Bus regulation controls or holds the voltage of a bus 
- common terminal of two or more feeders within 
redetermined voltage limits. Present practice is pre- 
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INDIVIDUAL 
-EEDER REGULATION 


actors to be considered in selection of the 
1ethod of voltage regulation best suited to a 
jiven application, residential or industrial 
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dominantly three-phase bus regulation, although single- 
phase bus regulation has been and still is used by a few 
system operators. The voltage control signal for bus 
regulation is usually taken from one of the phases or, 
in certain instances, an average of the three phases. 
Thus three-phase bus regulation simultaneously holds 
voltage maximum and minimum limits to coincide 
with the controlling phase, regardless of the require- 
ments of the other two phases. The quality of regula- 
tion on any particular phase of a feeder becomes 
dependent upon how closely its requirements match 
those of the controlling phase. 

Various methods have been derived to improve the 
quality of voltage held with bus type of regulation. 
Feeders of like characteristics are connected to the 
same bus section. Sometimes feeders of approximately 
equal express runs or with equal distances to the first 
consumer are connected to the same bus. section. 
Obviously, the ultimate in this type of regulation is 
connecting one feeder to a regulated bus. This then 
becomes three-phase feeder regulation. 

Individual feeder regulation holds the voltage of only 
one feeder within predetermined voltage limits. This 
type of regulation may be either three-phase or single- 
phase. Single-phase feeder regulation provides the 
maximum application flexibility, since each phase is 
individually controlled and the effects of unbalanced 
loads between phases or unequal express feeder length 
can be minimized with this type of regulation. 

Supplementary regulation consists of any regulation 
located on the feeder remote from the substation. This 
type of regulation is also commonly referred to as 
branch feeder regulation. As the name implies, this 
method is used to supplement any of the previously 
mentioned types of regulation when either load or 
distance results in unacceptable voltage at or near the 
load end of the feeder. 


Bus Regulation 

Primary network applications are particularly well 
served by bus regulation. Automatic load-ratio control 
in the transformer is most commonly used for this 
application with factory-assembled substations. A one- 
line diagram of a typical substation is shown in Fic. 1. 
The under-load tap-changing equipment provides ad- 
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justment of the secondary voltage of the transformer 
over a range of 20 percent in 5¢-percent steps, to 
compensate for variations in supply voltage and for line 
drop in the primary feeder lines at various loads. 
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Fig. 1. Typical sub- if y i if | | | | 
station arrangement (a) (b) 


for a primary network Fig. 2. Substation arrangements for radial sys- 
tem: (a) load-ratio control; (b) induction regula- 
tors 


Bus regulation is also often acceptable for a simple 
radial substation, as shown with load-ratio control or 
induction regulators in Fics. 2(a) and 2(b). To be reason- 
ably acceptable, all feeders should be of about the 
same length and have loads and peaks which coincide. 
If these conditions are not met, a compromise in the 
voltage maintained on each feeder must be made. Such 
compromises, although objectionable, are often toler- 
ated on the types of loads usually supplied by relatively 
small substations of the radial type. The use of bus 
regulation for larger stations should be more critically 
examined, as the obvious saving in substation costs 
may unsuspectingly be more than overbalanced by 
additional costs required in the distribution systems to 
keep voltage within acceptable limits. 

Where industrial and residential loads are to be 
served from the same substation, bus regulation has 
been adapted by installing two or more separately 
regulated bus sections, as shown in Fic. 3. Feeders of 
similar characteristics with regard to length and load 
are grouped on one bus, and those of other similar 
characteristics on another. This obviously permits 
regulation more nearly matching that required on each 
feeder. During normal operation, industrial loads that 
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Fig. 4. Low-voltage selective substation arrangement 


Fig. 5. Spot-network substation arrangement 


Fig. 6. Multiplex substation arrangement 


; 


might cause objectionable voltage flicker can | 
segregated from the domestic load. This type of regul. 
tion is referred to as group feeder regulation. 

Under emergency conditions, one transformer | 
high-line circuit may be out of service, and durir 
such periods both types of loads can be carried fro 
one bus. Under these emergency conditions, the vol 
age held is a compromise. In general, it appears th: 
most voltage-regulating problems are engineered ~ 
hold acceptable voltage under normal conditions, al 
under emergency conditions the prime objective is 
maintain service continuity. This is justifiable becau 
most emergencies of this sort are of relatively sho 
duration. 

Other types of substations that provide bus regul 
tion are the low-voltage selective (Fic. 4), the sp 
network (Fic. 5), and the multiplex (Fic. 6). With tl 
exception of the spot network the voltage-regulatic 
limitations of these substations under emergency co 
ditions are similar to those for the substation wi’ 
group feeder regulation. 


Individual Feeder Regulation : 
Individual feeder regulation is a refinement of b 
regulation and, in general, gives better voltage contr 
since the requirements of the feeder alone need be co 
sidered. Substations which provide individual feed 
regulation are: : 
(1). Single-feeder Sbetations j 

(2). Duplex substations 

(3). Regulator-reactor-transfer bus substations. 
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The single-feeder substation is shown in Fics. 7 (a) 
1 7(b). Either a load-ratio-control transformer or a 


arate regulator may be used. Usually such sub- . 


tions are used in an open-network system. An open- 
work system refers to radial sections of systems 
th normally open tie switches located in the streets. 
the event of a substation outage, the substation 
d is carried on an adjacent feeder and substation 
closing the tie switch. 

In some applications, the open-network system is 
ither available nor acceptable for the service to be 


Fig. 7. Single-feeder substa- 
tions: (a) load-ratio control; 
(b) separate regulator 


idered, but individual feeder regulation is still 
ssible with the duplex substation, as shown in 
G. 8. Each of the two transformers normally supplies 
d regulates a feeder. Under emergency conditions, 
> two feeders are connected together automatically 
en loss of voltage occurs on either transformer. This 
plex arrangement provides individual feeder regula- 
m under normal operation, immediate restoration of 
‘vice in case of high-line or transformer trouble, and 
ans for isolating the transformer and regulating 
1ipment and the feeder breakers, for maintenance, 
h all of the switching done with adequate power 
cuit breakers. 

The most conventional manner of supplying individ- 
| feeder regulation is by the arrangement shown in 
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Fig. 8. Duplex substation arrangement 


;. 9. The substation consists of a regulator, either 
ee-phase or three single-phase, together with a 
nsfer bus and by-pass facilities for either the regula- 
‘or the feeder breaker for each feeder position. 
actors are sometimes supplied when the short circuit 
n excess of the regulator capabilities. 

f, in the arrangement of Fic. 9, single-phase or 
lex regulators with individual phase control are 
d, regulation is provided to permit control of each 
use individually. This is the control used when the 
ds are predominantly single-phase and the ‘‘phase- 
oF system of distribution is used. With the trend 
more and more three-phase loads on distribution 
bems, use of phase-area distribution is diminishing. 
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Regulator Band Width 

As stated previously, the quality of regulation is also 
dependent upon the band width of the voltage-regulat- 
ing relay. The term “‘band width” is generally assumed, 
in the industry, to be the difference between the voltage 
limits which the voltage-regulating relay is set to hold. 
Certain factors tend to cause the voltage to exceed the 
band width as thus defined, such as: 


(1). Time delay in the regulator-control circuit 
(2). Mechanical operating characteristics of the 
regulator. 


These factors are beyond the control of the voltage- 
regulating relay. As stated previously, the effects of 
these factors are to cause the voltage to exceed the 
band limits. Thus, the difference between the voltage 
limits which are actually held at the output terminals 
of the regulator is referred to as the ‘‘effective band 
width.” 

If a regulator had instantaneous response to the 
dictates of the voltage-regulating relay (about 0.1 sec 


Fig. 9. Individual feeder regulating arrangement with regu- 
lator-reactor transfer bus 


for the induction-type regulator) and if the regulator 
were not restricted by mechanical operating character- 
istics, the effective band width (the voltage spread 
actually held at the terminals of the regulator) would 
be equal to the band setting of its voltage-regulating 
relay. Conversely, if a regulator did not attempt to 
correct voltage variations outside of those limits set 
by the voltage-regulating relay until such variations 
persisted for a specified length of time (1 hr, 1 min, or 
1 sec), then the voltage limits at the terminals of the 
regulator would definitely exceed the limits set by the 
relay. Thus, the inherent and necessary time delay 
(adjustable for 3 to 120 sec) in the control circuit of 
the step-type regulator tends to widen the effective 
band width. This is shown diagrammatically in Fie. 10. 

There are obviously specific circuit conditions under 
which the quick response of a regulator to a fluctuating 
input voltage will merely amplify the voltage trouble. 
The addition of time control under these circumstances 
may prove more advantageous than widening the 
band-width setting of the voltage-regulating relay. 
However, such applications are the exception rather 
than the rule. 


49 


50 


Control Accuracy 

The control accuracy of a regulator has an effect 
upon the regulator output voltage which is very much 
analogous to that of time delay. Industry standards 
classify control device accuracy as: 


Class 1, +1 percent over-all error 
Class 2, +2 percent over-all error 
Class 5, +5 percent over-all error 
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The errors referred to under these classes are composite 
effects of temperature and frequency on the control- 


equipment components, necessary tolerances in the 


potential-transformer ratio, and errors occurring in com- 


pensator impedance elements. These errors do not 
affect the band width, but they do cause the voltage 
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perature change. Thus it is Seitteaty feasible for 
regulator to hold an average voltage level other the 
the desired 120-volt setting for a considerable peric 
of time. Indeed, the quality of voltage regulation 
dependent upon the method of regulation, the highe 
possible control accuracy, and a narrow band-widt 
setting of the voltage-regulating relay co- -ordinag 
with the proper selection of time delay. t 
ECONOMIC CONSIDERATIONS 7} 

In a consideration of the economic aspects of dist: 
bution-system regulation, the problem involves initia 
investment installation and maintenance costs, lo 
evaluation, and comparison with other methods « 
regulation including the expense of transfer bus, et 
Many of the economic considerations are studied on é 
individual basis, comparing various alternatives. Hoy 
ever, a few of the economic considerations can t 


generalized upon. j 


A comparison of initial investment for some of tl 
various types of regulators is shown in Fic. 11. Oby 
ously, single-phase regulation is more expensive for tl 
higher current capacities than three-phase feeder reg 
lation. In addition, a certain percentage of the feeder 
load-carrying ability will be restricted with three-pha: 
regulation if the phase loading does not remain balance 
and coincidental, or if the express portions of Sa 


PER UNIT COST 


——— THREE I-$ 2500-V Y-CONNECTED 10% REGULATORS 

— —— ONE 3-9 4330-V Y-CONNECTEDLIO% REGULATOR 

—-— ESTIMATED COST OF 3-¢ 4330-V LOAD-RATIO CONTROLYIO% 
o—o—~ THREE I|-G 2500-V Y-CONNECTED +10% REGULATORS 
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LINE CURRENT IN AMPERES 


Fig. 11. 


level held by the voltage-regulating relay to vary. As 
an example, a voltage-regulating relay may be adjusted 
to hold 120 volts (in secondary terms) with a + 1-volt 
band width. A change in the ambient temperature may 
cause the relay to hold a voltage other than 120 volts, 
but the band-width adjustment will remain one volt 
above and one volt below this new voltage level held 
by the voltage-regulating relay. In general, the factors 
which affect control accuracy are not transient in 
nature, as is the case with time delay. In certain locali- 
ties a given temperature change may require several 
months, and in another locality it may require only a 
matter of weeks or days to experience the same tem- 


Comparison of initial investments for four types of regulators 
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250 300 350 400 


phase are not equal. This, too, has a dollar val 
Whether it can be claimed now or at some future 
is determined by present and future circuit conditi 
A monetary value should also be placed upon ~ 
effects which band width, time delay, and contr 
accuracy will have on the feeder’s load-carrying abilit 
Fics. 12 and 13 show the effects of reduction in ba 
width on the load-carrying ability and permissik 
length of a feeder when limited by load-area volta 
drop. These curves are equally applicable to any 1 
duction in the variation of output voltage which 
be obtained by increased control accuracy. 

The effects of unbalanced loading between phas 
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d sometimes between feeders may be overcome by 
> use of additional supplementary regulation. From 
G. 11 it can be seen that the cost of supplementary 
gulation is lower than that of other regulators. It 
ould also be noted there are savings to be had in the 
tial investment with regulation which is physically 
-orporated in the station transformer (load-ratio 
ntrol). This, of course, is applicable only for bus and 
ssibly three-phase feeder types of regulation. 

The losses of the various types of single-phase regu- 
ors are about the same. The three-phase regulator 
Ss slightly lower losses than three equivalent single- 
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ig. 12. Permissible increase in feeder load for a decrease in band width 
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. 13. Permissible increase in feeder length for a decrease in band width 
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ee LOAD VECTOR DIAGRAM 
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LOAD VECTOR DIAGRAM 
WITH STEP REGULATOR ADDED 


of regulators in neutral position 


phase regulators, and this has a definite dollar-and- 
cent value. Obviously, this dollar difference is depend- 
ent upon load factor, energy and demand charges, etc. 

Occasionally the exciting currents of the step and 
induction regulators are economically compared. The 
induction regulator has an inherently higher exciting 
current than does the equivalent step machine. This, 
of course, is due to the presence of an air gap in the 
magnetic path of the induction regulator. This evalua- 
tion is usually based upon the amount of capacitive 
kva necessary to compensate for the difference in the 
required reactive kva of the two regulators. The 
difference in reactive kva is only a part of the true 
comparison; the no-load and full-load losses should 
also be compared. It is quite possible for the regulator 
with the higher exciting current to have the lower 
losses. Hence, the evaluation of these losses should be - 
included in any economic comparison. Fic. 14 shows 
a comparison between the induction and step regula- 
tors. Although the losses are shown equal in this 
example, the method of comparing the kw losses will 
be analogous to that for exciting kvar. 


SUMMARY 
There are numerous complexities to be faced in 
selecting a method of regulation in many applications. 
Although there is no single cut-and-dried formula, there 
are several general bench marks to be noted. 


(1). Bus regulation is applicable when the sub- 
station is located near the load area, the feeders are 
approximately equal in length, the feeder and phase 
loads are balanced, and the load cycles are coincidental 

(2). Three-phase feeder regulation, like bus regu- 
lation, requires balanced and coincidental phase 
loads. However, three-phase feeder regulation does 
not require the same proximity to the load area as 
does bus regulation 

(3). Individual or single-phase regulation, al- 
though applicable. to most circumstances, is used 
most frequently in circuits where loads are pre- 
dominantly single-phase or the express runs long and 
unequal. While single-phase regulation may require 
a greater initial equipment investment, its ability 
to correct unbalanced voltage conditions and its 
flexibility in future applications often makes jin- 
dividual phase regulation the most economical 
method of regulation. 


Present trends indicate an increasing number of 
three-phase regulation applications, principally bus. 
This is a result of increasing three-phase loads, closer 
balancing of feeder loads, and the use of unit sub- 
stations out in the center of the load area. Also, as 
load density grows and new substations are located 
in the load area, it becomes easier to hold adequate 
consumer voltage with bus regulation. The availa- 
bility of supplementary regulation and shunt capacitors 
has encouraged the use of bus regulation by providing 
additional regulation or voltage boosts for both un- 
expected and anticipated undesirable voltage conditions. 
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PYROMETER MILLIVOLTMETER 
AND AUTOMATIC CONTROLLER 


A new electrical indicating instrument and automatic 
controller designed primarily for temperature appli- 
cations in ranges varying from 0-300 F to 0-3000 F 


Meter and Instrument Department 
General Electric Company 


N MANY industries, the measurement and automatic 
control of temperature is a function of critical im- 
portance. The two most common types of equipment 
for effecting such measurement and control employ 
(1) a potentiometer circuit or (2) a highly sensitive 
millivoltmeter to measure the voltage output of a 
thermocouple, and to initiate consequent control 
operations. Although the potentiometer-type device is 
superior in accuracy, this feature is offset by its high 
cost and mechanical complexity; and hence, for many 
applications, the millivoltmeter equipment is preferred. 
This article describes the design of a new pyrometer 
millivoltmeter and its associated control units in which 
modern materials and techniques have been used to 
fullest advantage to produce an instrument of guar- 
anteed accuracy, outstanding in simplicity, reliability, 
sturdiness, and low cost. 

The major components of the new millivoltmeter 
and their functional relationship to one another, and 
to the temperature-measuring system as a whole, are 
shown in the block diagram in Fic. 1. The thermocouple 
is a separate device, the output voltage of which is 
measured by the millivoltmeter. The control operation 
is initiated by a small aluminum vane fixed to the in- 
strument pointer. As the measured temperature varies, 
the vane moves into and out of the space between two 
high-frequency sensing coils, thus varying the current 
in the oscillator circuit and, ultimately, through a 
series of relays, operating a contact to control the 
temperature. 


Presented at the Fall Meeting of the American Society of Mechanical 
Engineers, Minneapolis (Minn.), September 26-28, 1951.—EpiTor. 
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By E. W. CLARK and J. K. SIDEBOTTOM 


CONTROL ELEMENTS 
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For automatic control, internal contactors are us 
which permit direct control of either one or two circu 
rated up to 10 amperes at 120/240 volts if mechani 
contactors are used, or rated 35/25 amperes if mercu 
contacts are used. The instrument or controller may 
modified to operate with any primary detector whi 
provides a voltage output of 10 millivolts, or high 
at 48 microamperes. 

Just as, functionally, the controlling pyrometer ; | 
be broken down into two parts, namely, an accura 
measuring device and an automatic controller, so 
the problem of its design may be subdivided into t 
problems: measurement and control. 


The Measurement Problem 

From the user’s viewpoint, the most importa 
requirements for a measuring device are accuracy a 
reliability. An instrument must consistently give t 
correct value of the quantity measured. Other fact 
which must be considered include readability, size, a 
pearance, durability, and cost. 

The permanent-magnet moving-coil instrument h 
over many years, been one of the simplest, most ¢ 
curate and most reliable of d-c measuring instrumen 
The new millivoltmeter is, therefore, an adaptation 
this basic measurement mechanism (Fic. 2). A var 
of temperature ranges from 0-300 F to 0-3000 F 
made possible by designing the instrument in vari 
ratings up to 70 millivolts. 


One of the major problems encountered in designi 
a measuring mechanism suitable for the pyromet 


e eneiee Fig. 1. Components of pyrometer — 
'!  SwitcH i millivoltmeter and automatic con- 
J ete i troller shown in functional relation- 


To ship to temperature measurement and 
FURNACE control system 
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plication is that of securing adequate torque at low 
ergy levels, since, for certain ratings, the power avail- 
le for full-scale indication is as little as 0.5 microwatt. 
Ina permanent-magnet moving-coil instrument, the 
flecting torque is directly proportional to the mag- 
tic flux density in the air gap. An excellent material 
‘such a magnet is alnico V which, however, requires 
Eral directionalizing techniques in order to realize 
full potentialities. These techniques have been care- 
ly developed for the instrument under consideration 
d applied to a properly proportioned magnet of 
nerous size. Consequently, the air-gap flux density is 
nsiderably higher than that in other instruments of 
iS type. Clearances of 0.062 in. have been provided 
> the moving coil which precludes jamming of the 


ead 


£ 


. 2. Basic measurement mechanism of pyrometer millivoltmeter and 
opmatic controller, showing sensing coils and actuator vane 


1 due to particles accidentally lodged in the air gap 
other causes. The high flux density thus obtained gives 
uperior value of torque and robust performance even 
the low energy levels furnished by the thermocouple. 
Another important consideration in instrument 
sign is that of maintaining a sufficiently high factor of 
rit) —that is, the relationship between the torque T 
the instrument and the weight W of its moving 


tem, = Since, as pointed out previously, the 
srating torques available are low, it is desirable to 
luce the weight of the moving system to an absolute 
nimum., This is accomplished largely through a 
ique method of winding the coil and reducing the 
2 of parts to a minimum consistent with performance 
uirements. The high sensitivity control current per- 
is the use of a very lightweight (14 milligrams) 
uating vane, thereby keeping the over-all weight of 
‘moving system at a minimum. In all, the weight of 
- moving system of the new instrument totals ap- 
ximately one gram—a two-to-one saving over most 
manent-magnet moving-coil instruments of com- 


Numbered references are listed at the end of the article. 
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RESPONSE TIME IN SECONDS 


MILLIVOLT RATING 


Fig.3. Average responses of millivoltmeter connected with thermocouple. 
Curve shows time required to travel from zero position to full scale and 
remain within 14 percent of full scale when full scale voltage is suddenly 
applied 


parable size. Instrument. bearing friction® is kept 
within close tolerances by quality control. Spring- 
mounted jewels are employed to prevent shock damage 
to the bearing system. A standard 50g shock test 
repeated ten times in each of three planes produces a 
change in reading of less than 0.1 percent of full scale. 
Because of the low weight and inertia of its moving 
system, the undamped period of the millivoltmeter is 
approximately 414 seconds. Inasmuch as virtually all 
damping is obtained from the coil and loop-circuit 
resistance, the response time varies with the instru- 
ment rating. Response time is here defined as the time 
required for the pointer to travel from zero position 
to full-scale and remain within 4% percent of full-scale 
when full-scale voltage is suddenly applied—that is, 
the time between the application of full-scale voltage 
and the instant when the pointer oscillations decrease 
to within 44 percent of the full-scale rating. Average 
responses of the millivoltmeter when connected to a 
thermocouple are shown in Fie. 3. It will be noted that, 
for all ratings above 20 mv, the response times are 16 
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Fig. 4. Possible errors from change in resistance of leads of primary detector 
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Ideally, a change in the resistance of the leads or 
primary detector with time or temperature should 
result in little, if any, error in indication. For this reason, 
the instrument must have the lowest full-scale current 
consistent with torque requirements. Possible errors 
resulting from resistance changes are shown in FIG. 4. 

Inherent ambient temperature errors in the instru- 
ment aggregate only —0.04 percent per degree C 
departure from a 25 C reference. The sources of such 
error and the approximate amounts contributed by 
each source are indicated in Table I. 


TABLE I: ERROR FROM AMBIENT TEMPERATURE 


(For a 50-millivolt Instrument) 


Typical | 
Instrument Reading 


Sources of Error as 
Temperature Increases 


(1). Weakened Spring 
(2). Weakened Magnet 
(3). Mechanical Changes 
(4). Resistance Changes* 


plus 0.040% per deg C 
minus 0.052% per deg C 
plus 0.002% per deg C 
minus 0.026% per deg C 


* Value, percent per deg C =1.3 + millivolt rating of instrument. 


The values given here apply to a 50-millivolt instru- 
ment. Automatic cold-end compensation is built into the 
instrument by means of a bimetallic spiral connected to 
one of the control springs in the conventional manner. 

Occasionally, an application requires circuit con- 
nections such that a potential exists between the instru- 
ment case and its moving system. The resulting elec- 
trostatic field inside the instrument may cause sizable 
errors in indication. The new instrument is provided 
with an electrostatic shield to prevent the occurrence of 
such errors. 

Although the instrument considered in this article is 
not intended for military service, joint Army-Navy 
Specification JAN-I-6 provides a convenient bench 
mark of performance for severe overload tests. Limits 
of change allowed by the Specifications for momentary 
overloads of 10 times and repeated sustained overloads 
of 1.2 times full scale are one-quarter of one percent 
of full scale value, while the actual deviation recorded 
is less than one-tenth of one percent. 


The Control Problem 

The major objective in designing the automatic 
control unit is to provide a highly sensitive and reliable 
means for regulating the controlled variable without 
imposing any burden on the moving system of the 


Modified Hartley circuit for oscillator 
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120M Fig. 6. Sensitive relay con 


arrangement for operating cor 


RY 2. relay 


CONTROL RELAY 


indicator. This is accomplished by means of an el 
tronic circuit consisting essentially of a pair of adju 
able high-frequency sensing coils, an oscillator, a, 
relay system (FIG. 1). 

The sensing coils, which are part of the ot 
tuned circuit, are positioned at the desired set- 0 
by means of a knob on the instrument case. As 1 
indicating pointer reaches the set point, the alumin: 
actuating vane fixed to the pointer passes betwee f 
sensing coils, causing the oscillator tube current 
decrease and drop out the sensitive relay RY1 whi 
in turn, drops out the control relay RY2. As indicat 
the control relay may operate the furnace heatin r 
cuit either directly or through a built-in meret 
switch or an external contactor. i 

The sensitivity of the system, which in this ¢: 
refers to the amount of change in vane position ne 
sary to produce on-off operation, is a function of n 
elements—the oscillator, the sensing coils, an i 

i 


sensitive relay. 


The Oscillator i 

The oscillator, which is of remarkable simplicity < 
sensitivity, employs a modified Hartley circuit (F16. 
with capacitance and inductance values cele 
minimize the effects of variations in the transcon 
ance of the tube or in line voltage and frequency. 
operating frequency, which is not critical, varies 0 
range of 3-5 megacycles. This results in a system wh 
has excellent sensitivity and is at the same time « 
pletely shielded from external effects, a combin 
of features not possible at higher frequencies. W 
tolerances are thus permitted in the tuned cir 
elements. Body capacity does not affect the cirét 
even when it is being adjusted with the millivoltme 
cover removed. 


The oscillator circuit is tuned by means of the sin 
adjustable element L/. This adjustment is set so #1 
on-off operation occurs when the millivoltmeter | 
is in line with the set-point indicator—that is, whet 
aluminum vane is between the sensing coils. 

Simplicity of the oscillator is achieved by usin 
standard single-element Type 6SJ7 pentode whic 
sufficient output to operate the sensitive relay dir 
without a stage of amplification. Since the cit 
operates satisfactorily with tubes having a wide r 
of transconductance, selected tubes are not requ 
and hence, maintenance problems are reduced. 
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cuit is so designed that failure of the tube will cause 
» furnace to shut down. 


e Sensing Coils 


[t is desirable that the sensing coils, which are a part 
the oscillator tuned circuit, yield a maximum change 
impedance as a function of vane position. To this 
i, they are designed to operate at a high frequency; 
d a maximum concentration of the field between 
2m is secured by using small coils backed up with 
tered magnetic core material and closely spaced 
thin the limits of mechanical clearance. 


e Sensitive Relay 

Phe manner in which the sensitive relay operates the 
itrol relay is shown in Fic. 6. When the sensitive 
ay RY1 picks up, the control relay picks up and 
ks itself in by means of a holding contact. RY1 
ist then shift to its fully dropped out position before 
can drop out RY2. This arrangement provides a posi- 
e on-off action which prevents chattering. The circuit 
© contributes to the long life of the sensitive relay 
cause it permits RY/ to drop out RY2 by short-circuit- 
r its coil rather than by interrupting the coil current. 
The choice of a sensitive relay is based upon two 
[uirements: (1) it must be sufficiently sensitive to be 
srated directly from the oscillator plate circuit with- 
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out amplification; and (2) the differential between its 
pick-up and drop-out currents must be a minimum. 
The relay chosen operates directly from the 6SJ7 
pentode and has a current differential of only 0.3 
milliampere. It has a life expectancy in excess of one 
million cycles and is hermetically sealed to exclude dirt 
and moisture. 

The over-all sensitivity of the control system, which, 
as stated above, is determined by the characteristics 
of the oscillator, the sensing coils, and the sensitive 
relay, is shown in FIG. 7. As indicated here, a movement 
of 0.007 in., or 0.1 percent of full scale, in vane position 
produces the 0.3 milliamp change in oscillator tube cur- 
rent necessary for on-off operation of the sensitive relay. 


Major Variations in Control Equipment 

There are two basic types of control units provided 
with the new millivoltmeter, designated according to 
their respective functions as the Pyrometer Controller 
and the Pyrometer Protector. A unit which operates to 
maintain the average temperature at a certain set 
point or within certain set limits is called a ‘‘controller.”’ 
One which acts as a safety device to keep the tempera- 
ture from exceeding a set-point is called a “‘protector.”’ 
The protector is always used in conjunction with some 
form of separate control unit and functions to shut the 
furnace down and keep it shut down in the event of 
failure of the controller. Pyrometer controllers may be 
subdivided into three groups: those providing two- 
position control; those providing three-position control; 
and those modified for use with a Reactrol* (propor- 
tional control). 


Two-position and Three-position Controllers 

The system illustrated in Fics. 1, 5, and 6 is that of a 
pyrometer controller having “‘two-position” action— 
that is, action in which the final control element is 
moved from one fixed position to another, a so-called 
“on-off” or ‘‘open-shut’’ action. This basic system can 
be modified to provide a ‘‘3-position’”’ control—that is. 
action in which a final control element is moved to one 
of three predetermined positions, each corresponding to 
a definite temperature range. The three-position con- 
troller consists of two control units and a millivoltmeter 
equipped with two pairs of independently adjustable 
sensing coils. 
~* Reg. Trade Mark of G.E. Co. 


! 


REACTROL 


i 
\ 
REACTROL SATURABLE | _! TO 
AMPLIFIER REACTOR FURNACE 
i 


| 
1 
\ 
| 
! 
\ 
\ 
’ 
| 
| 
{ 
t 
| 
| 
| 
\ 
\ 
| 
| 
| 
| 
1 
| 
i 
i 
1 
‘ 
' 
' 


D5 


FROM FILAMENT — 

WINDING OF 5 

TRANSFORMER 
4 


6.3 V 


THERMOCOUPLE 


PYROMETER PROTECTOR ; : : be, 
Fig. 9. Contact arrangement for sensitive relay, control relay, and Fig. 10. Thermocouple-break protection circuit 


push button of Pyrometer Protector 


Fig. 11. External appearance of new 
pyrometer millivoltmeter controller 


Controller for Use with Reactrol below the set-point unless the heating circuit is reclos 
Applications for which the effect of temperature cy- manually. 
cling must be minimized require proportional control— 
that is, control in which the rate of heating is in pro- Thermocouple-break Protection 
portion to the deviation of the temperature from the A standard feature available on both protector a 
set-point over an adjustable range called the “‘pro- controller units is the thermocouple-break protecti 
portional band.” This form of control is provided by a circuit (Fic. 10) which causes the furnace to shut don 
pyrometer controller modified for use with a Reactrol when the thermocouple open-circuits. An inst mé 
unit. As shown in Fic. 8, this system differs from the unprotected against this hazard would read ambie 
two-position and three-position units in that the sen- 
sitive and control relays are omitted. The oscillator- 
tube current is used to generate a voltage signal directly 
controlling a Reactrol unit, which consists of an elec- 
tronic amplifier and a saturable reactor in series with 
the heating load. The signal from the controller is 
proportional to the vane position in the proportional 
band and through the Reactrol varies load current 
proportionally. 


Pyrometer Protector 

The Pyrometer Protector, which prevents the tem- 
perature from exceeding a certain set-point, is designed 
for use as a safety device with separate, external control 
equipment. Its essential components are the same as 
those of the controller, with the addition of a push 
button. The connections for the sensitive relay, control 
relay, and push button are shown in Fic. 9. As indi- 
cated, the push button must be closed to permit the 
relay RY2 to pick up, and thus the furnace remains _ 
shut down even after the temperature has dropped _ Fig. 12. 


Control unit 
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perature if the thermocouple should break. The 
tol circuit would then function as though the 
lace were cold; that is, it would close the heating 
uit and keep it closed, thus allowing the tempera- 
: to become excessively high. The thermocouple- 
ik protection circuit-consists of a balanced bridge of 
ch the thermocouple circuit forms one arm and the 
ivoltmeter acts as a galvanometer. A rectifier in 
es with the filament winding of the transformer 
plies DC to the bridge. With the thermocouple 
uit closed, the bridge remains balanced and does 
affect the millivoltmeter indication. Should the 
rmocouple fail, however, the bridge becomes suffi- 


Fig. 13. Pyrometer indicator (millivoltmeter) 


itly unbalanced to cause the instrument pointer to 
ve upscale to the set point and shut down the furnace. 


nal Features and Mechanical Design 

Nn appearance, the new pyrometer millivoltmeter 
troller combines attractiveness and utility (Fic. 
Its scale length (seven inches) provides for ease 
accuracy in setting and reading instrument 


aters. The case, which is tightly gasketed to prevent 


‘LIGHTS AND SIDE LIGHTS 


w Portable Radiation Probe 


new lightweight radiation probe, for 
cting and measuring alpha, beta, 
ma, and neutron radiations, has been 
ened for use in hospitals, and industrial 
‘university laboratories where work 
radioactive materials is being con- 
ed. It will have application in moni- 
g contamination of clothing, per- 
el, laboratory equipment, and facili- 


This lightweight radiation 
probe will be used in 
hospitals and laboratories 
where work with radio- 
active materials is being 
conducted 


e scintillation counter, which has all 
usual advantages of such an instru- 
t, includes a phosphor, photo-multi- 
tube, and a two-stage amplifier with 
mpedance output. Light flashes, 
uced when nuclear particles strike 
phosphor, are converted into elec- 
I pulses by the photomultiplier. This 


\. 


he ad 


allows radiation detection and measure- 
ment under even the most difficult cir- 
cumstances. Alpha particles, for example, 
can be counted even in the presence of 
high beta-gamma backgrounds. 

The phosphors for detecting alpha, 
beta, gamma, and neutron radiations are 
incorporated into specially designed caps 
placed on the end of the probe. These 
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dust, dirt, or chemical fumes from reaching the instru- 
ment mechanism, is suitable for either flush or surface 
mounting. The millivoltmeter is housed in the center 
of the case with a compartment for a control unit on 
either side. In the Pyrometer Protector or the two- 
position Pyrometer Controller, each of which has only 
one control unit located on the right-hand side, the left 
panel is occupied by a red signal light which indicates 
either that the protector has shut down the furnace, or 
that the controller has closed the heating circuit, as 
the case may be. 

Simplicity and ease of servicing were major con- 
siderations in the mechanical design of the new device. 
The control unit (Fic. 12) and millivoltmeter (Fic. 13) 
are both plug-in units which may be quickly and con- 
veniently removed for checking or servicing. Entrance 
to the control compartment is gained simply by remoy- 
ing the front cover, thus providing easy access to the 
tube, tuning adjustment, balancing adjustment, and 
reset button. 


Summary 

The new indicating and controlling pyrometer de- 
scribed in this article represents a substantial contri- 
bution to the field of industrial instrumentation. Its 
range of application extends far beyond that of process 
temperature control mentioned here. Broadly speaking, 
it includes any situation in which on-off operation in 
response to a millivolt signal is required. Such features 
as a unique, fully directionalized alnico V magnet, 
spring-mounted jewels, a specially constructed shell- 
less armature coil and a simplified oscillator unit com- 
bine to give the device a simplicity, reliability, accu- 
racy, and versatility outstanding among modern in- 
dustrial instrument designs. 
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detecting heads can be quickly inter- 
changed, and the various phosphors in the 
caps are easily replaced if necessary. 

The neutron cap alone, adapted to 
measure beams of thermal neutrons, is 
expected to have wide application in gen- 
eral health physics work. The complete 
detector is 23% in. in diameter, 15 in, long, 
and weighs approximately 10 Ib. 


~The Largest Selling | 
LIGHTNING ARRESTER 
_ At Any Price! — 


PROVED 


‘AP 


25 


LIST 
U.S. Patent No. D-4664 


Protects Home and TV $ 2 


Set Against Lightning 
Hazards 


© Installs anywhere 
® No wire stripping, cutting or 
splicing 
(Complete with strap and ground wire.) 
OVER 1,000,000 IN USE TODAY! 
See Your Jobber or Write for 
Form No. 84 


MANUFACTURING CO., Inc. 


6107 16th AVENUE, BROOKLYN 4, N. Y. 
FIRST in Television Antennas end Accessories 


BRILLIANT 
PERFORMANCE 


Recording engineers have learned to rely 
on Ampex for top performance in ‘both 
the audio and instrumentation fields. 
Mechanical flexibility and reliability, incorporated 
into Ampex Recorders, are a bulwark to their 
unequalled performance. Through long 
gruelling hours of continuous service the precision 
built Ampex delivers reliable performance 
with minimum upkeep time. . . 
that’s why Ampex has unchallenged leadership. 


Exclusive INTERCHANGEABLE TAPE Feature 


How well Ampex has learned 
to build unrivaled accuracy 
into its products is well 
proven by the interchange- 
able tape feature. Ampexed 
tape plays back on any Am- 
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NEW PRODUCTS: 


Tuck-away Gas Furnace 


_ horizontal gas-fired warm-air furnace 
gned to provide economical automatic 
1¢ heating in homes where floor space 
t a premium. This new ‘‘tuck-away”’ 
lace is only 285 in. high and can be 
inted on the attic floor under the eaves 
hung from floor joists in the space 
er homes without basements. It also 
be hung from the floor joists in con- 
tional basements, thus leaving the base- 
it floor space free for other purposes. 
of these applications utilize what is 
mally considered waste space. 
ditional features make the new unit 
standing. It uses ribbon-type gas burners 
ch ignite quietly and go out quietly; 
safety pilot provides automatic shut-off 
as in case the pilot flame goes out. The 
t-transfer surface is the ‘‘pin-point”’ 
ting surface, its outside covered with 
dreds of slender iron projections over 
ch the air for heating passes to give 
er heat. Similar slender rods within the 
sages through which the hot combustion 
2S pass serve to gather and conduct heat 
ently to the air passing over the heat- 
hanger surface. The new horizontal gas 
nace is designed specifically as the 
nace component of the Air-Wall 
ting system and may also be used for 
ventional forced-air systems. Two sizes 
offered at 90,000 and 120,000 Btu-per- 
r input. Units are AGA approved and 
listed by Underwriters’ Laboratories.— 
eral Electric Company, Air Conditioning 
., Bloomfield, N. J. 


Resonant Flip-Flop 


A replacement, known as the CRC ferro- 
resonant Flip-Flop, for the vacuum tube in 
certain medium-speed counting, amplifying, 
and control applications. This component 
is a bistable-state device which is equivalent 
to a single vacuum tube Eccles Jordan 
trigger circuit. It resembles a saturable 
reactor and operates at frequencies up to 
20 ke. It has no filament to burn out and 
occupies about one-tenth the space of a 


comparable vacuum tubé. As an amplifier 
it produces a high power gain. It is immune 
to acceleration and shock and will operate 
for years without servicing. Operating on 
approximately 10 percent the power needed 
by an equivalent vacuum tube, it delivers 
90 percent of input energy as usable output. 
There is virtually no problem of heat dis- 
sipation. Design of the unit is very flexible 
and can be adapted to a large number of 
uses.—Computer Research Corp., Torrance, 
California. 


AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


Step-motor Impulse Counter 


_A step-motor impulse counter, newly de- 
signed to provide one hundred percent 
accuracy up to 60 counts per second, has 
been recently announced. Designed to cover 
counting ranges above those possible with 
electromechanical counters and below those 
in which scalers are normally required, the 
device has a counting range which makes it 
especially useful in high-speed production 
counting. It may be used in such applica- 
tions as counting the number of vitamin 
pills produced by a factory or counting 
flaws in fabric at process speed. The counter 
can be used also in certain types of radiation 
counting where the use of a direct-reading 
register is desirable. 

The device consists of a step motor with 
a resetting-type register and a power supply 
enclosed in a steel case. The step motor and 
register assembly are mounted on the 
power-supply enclosure, which contains an 
electronic switch and a high-voltage supply 
capable of supplying the power require- 
ments of a phototube preamplifier. The 
counting assembly can be easily removed 
and placed in a remote position such as a 
control panel. This impulse counter is rated 
at 0-60 counts per second; but the two- 
phase step motor provides a high degree of 
accuracy even at counting rates in excess 
of 100 counts per second. Over-all dimen- 
sions of the counter are 13 in. by 11 in. by 
7 in. It weighs approximately 12 lb and 
operates on 115 volts, 60 cycles.—General 
Electric Company, Special Products Division, 
Schenectady, New York. 
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e of two Synchronous Condensers, Outdoor type hydrogen-cooled, rated 
48,000 kva, 13,800 volts, 720 rpm, built at Peterborough Works, of 
Canadian General Electric Co Ltd and installed at a large 
fransformer station of the H.E.P.C. of Ontario. 
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H-45—heavy duty model 


% 
«+e PANELS UP TO 25 WIDE 


IN YOUR OWN SHOP WITH THE 


MEW ENGRAVOGRAPH 


Portable Model 1-S 


The only portable machine which reproduces 
15 sizes from one master alphabet. 


The only one with adjustable copy holding 
slides for multiline engraving in one set-up. 


Self-centering holding vise for nameplates. 


new hermes 


sew vee mnerraly 


13-19 University Pl, N. Y. 3, N.Y. 
‘CANADA: 359 St. James St., Montreal 


World’s Largest Manufacturer of Portable Engraving Machines 


Mr. Kelly: ‘First, the coil. It sure takes rough handling!” 


Right you are, Mr. Kelly. We call it the “Strong- 
box Magnet Coil.” That block of plastic keeps 
the windings permanently ‘rnc tedlt against dirt, 
moisture, and oil. And if your screwdriver slips, 
it can’t damage the windings. 


Martin Kelly, Plant Electrician for John R. Evans & Co., changes an overload relay ° G-E combination starter quickly and easily. 


MARTIN KELLY,:PLANT 


Mr. Kelly: “A big part of 
: my job is to keep every piece 
of electrical equipment in the 
plant going—with the mini- 
mum of maintenance. That's 
why I want to know how a 


motor starter is going to per- 
| form a year, even 5 or 10 
— -years from now. I’ve found 
that G-E starters need less 
upkeep than any other starter 
on the market today. Let me 
take it apart and show you 
why.” 


* 
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ae 


ss 


Mr. Kelly: “I’ve seen no sign at all that these contacts are burn: 


ing or pitting.” 


That’s because they have fine silver tips that out. 
last by far the ordinary type contact. Even where 
it’s a “start-stop” job with dozens of operations 
each minute, they’ll stand the gaff. 
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ORATORY DESIGN 


ed by H. S. Coleman—Reinhold Pub- 
ng Corp., New York. 1951. 393 pp. 


r. Coleman has succeeded in gathering 
ealth of material which should find 
nsive avenues of application. Laboratory 
gn will be especially useful to those 
emplating the construction of new 
ratory facilities, since it expresses 
s that have been tested and proved in 
ern laboratories representing almost 
y field of endeavor. 
has usually been necessary to visit 
y laboratories during the initial plan- 
' stage in order to gather sufficient 
, to form a preliminary plan of facility 
irements suited to the application. 
; book may well serve as-a source for 
h of that material. To the individual 
ronted with the problem of establishing 
ialized laboratory work areas, the sec- 
Pq industrial laboratories will be very 
ful. 
F. J. WHITBY 


SRNATIONAL BIBLIOGRAPHY ON ATOMIC 


RGY—Vol. 2: Scientific Aspects—Com- 
i by Atomic Energy Commission Group, 
t. of Security Council Affairs, United 
ions (Columbia University Press, New 
k, Official Distribution Agent). 1951. 
00. 

his two-inch-thick volume is an admir- 
listing of a large number of the papers 
echnical literature dealing with our 
wledge of the atomic nucleus and with 
ications thereof. Only papers appearing 
he past quarter-century (1925-1949) 
listed, but there are 24,000 of them. 
y are divided up into 90 subject head- 
, one of which (Cosmic Rays, Meson 
sics, and Astrophysics) includes 2200 
les, others of which (Isotopes in Agri- 
ure and Ecology) contain less than 100 
srs. Unfortunately for the physicist, 
s the biological subjects which are 
t thoroughly subdivided. Under each 
ect heading the articles are arranged 
abetically by author. 

ere is an over-all author index, 64 
*s long, which makes it easy to check 
individual’s contributions to the field. 
re is also a 30-page list of the abbrevia- 
s of the 1100 journals referred to. 

e principal value of this volume should 
in aiding literature surveys. One can 
an immediate start on the older papers 


THE KANTHAL CORP. 


NEW ADVERTISER 


IN THIS ISSUE ON PAGE 1 


on any particular subject involving the 
atomic nucleus. Students also should find 
it of value as an easy guide to the earlier 
work, It is a ‘‘must’’ for reference libraries. 

J. R. STEHN 


THE BEHAVIOR OF ENGINEERING METALS 


H. W. Gillett—John Wiley & Sons, New 
York. 1951. 395 pp. $6.50. 


The book is addressed to ‘‘those who are 
not metallurgists but who participate in the 
selection of metals and alloys for engineering 
uses.” It is the last work of a respected 
metallurgist, whose recent death terminated 
a long and useful career. He has attempted 
to present the problems, the background, 
the philosophy, and typical solutions in the 
selection and use of engineering metals. An 
informal, often colloquial, style is used, 
making the text suitable for casual reading. 
Close reading reveals many grammatical 
errors, obscure meanings, poor organization 
and, at times, the assumption that the 
nonmetallurgist reader has a metallurgical 
background. Despite its deficiencies in 
presentation, the book is technically sound, 
has a worthwhile objective, and should 
prove useful to its intended audience. 

ROLAND P. CARREKER, JR. 


POLYPHASE COMMUTATOR MACHINES 


B. Adkins and W. J. Gibbs—Cambridge 
University Press, New York. 1951. xiv-+224 
pp. $4.00. 


This book is devoted to the entire family 
of commutator machines in which a poly- 
phase alternating voltage occurs between 
the brushes, at either line or slip frequency. 
The authors first explain the operation of 
polyphase induction motors and generators 
in terms of equivalent circuits and circle 
diagrams and speed-torque relations; they 
then show how a-c commutator voltages 
can be injected into such circuits to obtain 
the speed and/or power-factor control which 
justify the use of the more costly and com- 
plicated polyphase commutator machines. 

Explanations are presented of the theory, 
operation, construction, and application of 
series commutator motors with external 
current transformer, shunt motors of the 
brush-shifting type (Schrage) and also with 
external voltage regulator, Scherbius regu- 
lating machines, ohmic-drop exciters, phase 
advancers, self-exciting low-frequency gen- 
erators, asynchronous condensers, variable- 
ratio frequency converters, and the Osnos 
motor. Related information is given on 


Ash Barrels 


Open 
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Everett 


both Fabricat 


and Closed Top Ship 


METAL STAMPINGS 
SPECIAL SHEET METAL WORK 


carbon brushes, special commutators and 
windings, hunting, and self-excitation. 

A prior knowledge of induction motors 
and d-c machines is needed to follow the 
theoretical treatment, but most of this 
well-illustrated text is of a qualitative, 
practical nature which will be of great 
interest to many engineers and motor 
users who desire a general knowledge of 
a-c commutator machines. 

There has long been a need for a book of 
this type. I heartily recommend it. 

E. R. SUMMERS 


ENGINEERING STATICS AND DyNAMICS 


Dan H. Pletta—Ronald Press, New York. 
1951. 392 pp. $5.50. 


Mr. Pletta’s purpose in writing a new 
book on elementary mechanics is to offer a 
way of “teaching the beginning student 
to think in terms of a few fundamental 
concepts.’’ With that aim the reviewer 
is in complete sympathy. : 

Derivation of formulas should be re- 
served, says Pletta, until the student 
reaches the ‘‘design stage,’” and he there- 
fore derives few. Although the number of 
literal expressions increases in later chap- 
ters, the author is more successful than most 
in the simplicity of presentation. 

Noteworthy is the relegation in Chapter 
7 of ‘Coriolis’ acceleration” to its appro- 
priate place as simply a term that appears 
in a proper analysis of motion. 

Arvip L. ANTONSON 


THE FISCHER-TROPSCH AND RELATED SYN- 
THESES 

Henry H. Storch, Norma Golumbic, and 
Robert B. Anderson—John Wiley & Sons, 
New York. 1951. 610 pp. $9.00. 


The book unquestionably represents 
the best critical review of the Fischer- 
Tropsch and related syntheses. Aside from 
this, however, the most important over-all 
contribution of the book is its excellent 
generalized treatment of contact catalysis. 

Practicing chemists and chemical engi- 
neers will find the book especially useful 
for its concise treatment of heterogeneous 
catalysis as applied to catalyst preparation, 
analysis of catalyst by x-ray and electron 
diffraction and electron microscopy, deter- 
mination of density, surface area and pore 
size, the use of tagged atoms, and,methods 
of kinetic studies. There is also an excellent 
treatment of the thermodynamics of the 

(Continued on following page) 
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a 

Fay. 

9 Fium (3) two-dimensional flow and viscous fi 

inued ApvANCED Fiuip DyNAMICS AND )- 1 Dus 1 
PechevTropieh fouls, phod | UCeRaR a | (ay oe Mao a 
acts guide to similar studies of other R._C. Binder Prentice-Hall, New ee number of pictures of actual apparatus 
reaction? Referentes are abundant to the 1951. 426 pp. $8.00. : ‘dM R. H. BuEso 
original work on all these points for those Advanced Fluid Dynamics and Fluid Ma- 


iri i j i Dr. Binder 
a fuller treatment than that given. chinery is an excellent textbook. L : a 
Sere ajor part of the book is devoted introduces each new topic with basic COMMUNICATION NETWORKS AND LINE 


: ; on’s laws or the Walter J. Creamer—Harper & Bros., } 
to cific developments of the Fischer- concepts, such as Newton's alter J. vid 
Tonech BN ee Broadly covered are conservation of energy or momentum York. 1951. 353 pp. $6.00. : 
catalyst development, laboratory and indus- principle, which are readily inden Mr. Creamer’s book is inke nded ta 1 
trial developments (especially those of the student. No higher mathematics other text for juniors or seniors studying a 
Germany), variations in the process and_ than calculus is required in the derivations, munications. With a little additiogm 
their relative efficiencies and versatileness, although some simplification ert oe struction, the material covered we 
and the related oxo, isoparaffin, and synol 1s accomplished through mathematica provide a good course for undergradua 


reactions. A very critical review is made of shorthand of vectors and tensors. As a reference, it is particularly us 
the proposed mechanism of the reactions, Material coverage extends beyond first pecause of its conciseness. 
showing that a great amount of work yet college-course level. The three major sec- The material covered includes meth 


has to be done before the chemist will un- tions include (1) one-dimensional flow, of circuit analysis; for example, Theven 

derstand the reactions of carbon monoxide boundary-layer theory, turbulence; (2) Theorem, electric circuit filter the 

and hydrogen over metal-oxide catalyst. fluid machinery such as jet pumps, fluid jt +ansformers as applied to communieat 

NEWELL C. Cook couplings, torque converters, turbines; networks, and circuits with distrib 

; ] {| parameters, such as transmission li 

Each subject is liberally illustrated 

numerical examples, which help consi 
ably to clarify the subject matter. _ 

F. H. Wri 


INTRODUCTION TO THE THEORY OF C 
TROL IN MECHANICAL ENGINEERING 


R. H. Macmillan—Cambridge Univer 
Press, New York. 1951. 195 pp. $6.00. 


Although not pretending to be an 
clusive treatment of the field of ser 
mechanism, this book does present man: 
the elementary concepts of control, i 
clear and simple manner. Especially g 
is the treatment given to the transfer fi 
tions and transient performance of ij 
vidual components. Each chapter is supp 
with a quantity of problems, with ansy 
provided as a convenient check. 
American reader, however, will have 
tolerate the use of terms more familia 
England than here. % 

MurRAY ROSENBL 
4 


TV Master ANTENNA SYSTEMS a 
Ira Kamen and Richard H. Dorf—Joh1 
Rider, Publisher, New York. 1951. 356 
$5.00. j 


This appears to be a thorough treatn 


Baking, drying, or heat-conditioning of safety ventilation and other processing | of a subject which will become increasit 


: , ° ° ° : important in the television industry. 
industrial products in the 150° to 650 needs. Balanced thermal design 7 thus covers the various anteana»Systen ant 


F, temperature range, is now simplified combined with long life dependabil-] stallation techniques with praisewor 
by the use of furnace-type Calrod ity, and convertible use construction | detail, and describes the iegal and tech 
heaters in standard panels for field has made radiant Calrod ovens and Sa reagan installa 
assembling on pre-fabricated frames. booster heaters first choice with many ~The book contains much informat 
Using both radiation and convection major defense contractors. both general and technical, and is com 
principles for rapid temperature eleva- hensive and: well wits 


Available to engineers on re- sidered a valuable addition to a techr 


tion and precise holding requirements, Ueete designed ; eres library. ’ 
radiant Calrod ovens produce results 4 E any CoS, SOROS Saris W. L. PARKIN 
; : formation, and performance charts. 3, 
with shorter heating cycles, lower energy Outline’ your, require eure 5 M i! 
consumotion ane little at t . : Iirements, incivaing TRENGTH OF ATERIALS 4 
aly rt eda desired heating cycle or end objec- | Max M. Frocht—Ronald Press, New Y 
Electric power is delivered through- tive, product dimensions, and hourly TOS ooo 2D 5, Ou) . 


; : Professor Frocht has so successt 
heating load—we do the rest. Field built into this work great interest, f 


engineering service also provided | ticality, and completeness that it pron 


for management conferences | © become a widely accepted text 
yy A ss students of elastic analysis. The 
ducted heat to balance ree SX O on defense contract facilities. | objective, prevention of failure by exces 


quirements for pay load, > ©, Write or wire— deformation or fracture while most € 
\~7 BALANCEDY 4 tively utilizing materials, gives a prac 
R ADI ATI ON reason for studying strength of mate 


that will automatically stimulate stu 
ADVANC HEATING DIVISION 
Jensen Specialties, Inc. 


out the entire heating zone, then >= 
converted directly as needed into 
radiation, convection or con- 


TReg. U.S. Pat. Off. 


interest. Because of this approach Prof 
Frocht never deviates from the import 
hypothesis that strength of materia 
only a means to an end—that is, the 
cessful design of machinery and struct: 

An excellent physical picture of 
stress and strain conditions occurrin 
many different configurations is pro\ 


9333 Freeland Avenue, Detroit 28, Michigan 
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photographs of photoelastic and metallic 
, specimens. Graphical methods or plots 
experimental data furnish solutions to 
blems beyond the scope of the book’s 
lytical methods. Analytical methods, 
wing stress and strain conditions at a 
nt, are handicapped by a lack of vector 
lysis, but for the average undergraduate 
3 was probably necessary. Mohr’s circle 
xplained and demonstrated thoroughly, 
wing therelations existing between it and 
analytical deviations. 
‘he book is highly recommended to all 
rested in the study of elastic analysis. 
s easily understood, stimulating, and of 
at direct use in design. 

E. H. FREIBURGHOUSE, JR. 


THEMATICAL ENGINEERING ANALYSIS 


fus Oldenburger—Macmillan Co., New 
rk. 1950. 426 pp. $6.00. 


the mathematical representation of 
sical problems, in a form that can be 
veniently handled, is treated here. 
ce the solution of the mathematical 
tions is not considered, it is possible 
a modest-sized book to include funda- 
ntals of all the major branches of engi- 
ring. The fields covered are: The 
chanics of Rigid Bodies, Electrical 
cuits and Fields (Maxwell’s equations 
used), Thermodynamics, Heat Trans- 
Elasticity, and Fluid Mechanics. Guides 
naking reasonable assumptions are given 
many types of problems. Dimensional 
ysis is developed and applied. 

i knowledge of advanced calculus is 
umed. Numerous problems are given, 
ether with hints and answers. Many 
srences are included. The book should be 
sable for a text or a reference. 

4 GEORGE M. ROSENBERRY, JR. 


{CHRONOUS MACcHINEs: Theory and Per- 
mance 

arles Concordia—John Wiley & Sons, 
w York. 1951. 224 pp. $5.50. 


n the past, the fundamental circuit 
ory of the transient performance of 
chronous machines has been widely 
ttered in technical articles, so there has 
n a need for a comprehensive book on 
‘subject. Mr. Concordia’s book satisfies 
; need. In an ably presented manner, 
theory of transient performance is 
eloped from first principles, so that the 
avior of any synchronous machine can 
redicted. 
esides a comprehensive mathematical 
lysis, a fundamental physical explana- 
1 of machine performance is given.. Thus 
‘reader is well equipped to extend the 
ory to tackle new problems. 
i, Davin BIRNSTINGL 


fs 
CTRICAL INsULATION—Its Application 
Peoboard Electrical Equipment 


ham Lee Moses—McGraw-Hill Book 
New York. 1951. 259 pp. $5.50. 


his is an authoritative guide to the user 
lectric equipment in the proper methods 
inspection, maintenance, and repair 
ts electrical insulation portions. This is 
bicularly so because the author had the 
yperation of the major equipment manu- 
urers. A complete primer on the funda- 
al concepts, terms, properties, and 
ries of electrical insulation furnishes 
technician with the basic knowledge in 
ple terms necessary for him to under- 
“ad how to carry out a logical mainte- 
ce program. Succeeding chapters illus- 
e typical constructions and practices. 
ally, methods of test and maintenance 
described in complete detail. 
% DonaLp F, Witcock 
a 
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These Choppers convert low level 
DC into pulsating DC or AC so that 
servo-mechanism error voltages 
and the output of thermocouples 
and strain gauges, may be amplified 
by means of an AC rather than a 
DC amplifier. 

They are hermetically sealed, 
precision vibrators having special 
features which contribute to long 
life and low noise level. 


WRITE FOR THESE 
CATALOGS... 


280 
10-500 cycles 


#246A 
60 cycles 
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Capacitors—A guide to the selection and 
use of mica capacitors of the military, in- 
dustrial, and transmitter type. Includes in- 
structions on how to specify. The final 14 
pages are devoted to Faradon capacitors. 
Sixty-four pages. Catalog 420.—Cornell- 
Dubilier Electric Corp., South Plainfield, 
New Jersey. 


ENGINEERING IRONS—Useful tables, charts, 
and photomicrographs show how through 
the use of nickel, alone or in combination 
with other alloying elements, the engineer- 
ing properties of cast-iron can be controlled 
to meet almost any reasonable combination 
of service requirements. Twenty-eight 
pages. Titled ‘Guide to the Selection of 
Engineering Irons.”—IJnternational Nickel 
eels Dept. EZ, 67 Wall St., New York 


INSULATION PRopucts—Two bulletins on 
insulation, one covering Macallen built-up 
mica electricalinsulation products—its prop- 
erties, processing, and grading; and the 
manufacture, advantages, and types. Twen- 
ty pages; Product Bulletin No. 527A. The 
other bulletin contains data on Dieflex tub- 
ing and sleevings used to insulate leads and 
wires in electrical equipment. Eight pages. 
Product Bulletin No. 250A.—Insulation 
Manufacturers Corp., 565 West Washington 
Blvd., Chicago 6, Illinots. 


METALLIZING GuNs—Two metallizing guns 
—Type 4E for machine-element work, and 
Type 5E for corrosion-protection coatings— 
are described in their own respective bulle- 
tins wherein emphasis is placed on five main 
features. Four pages each. Bulletins No. 94 
and 95, respectively.— Metallizing Engineer- 
ing Co., Inc., 38-14 80th St., Long Island 
City 1, New York. 


PHOSPHATE TREATMENT FOR METALS— 
Describes Anchorite 100, a paint-anchoring 
corrosion-resistant phosphate treatment for 
metals. Attractively printed in two colors, 
the booklet describes the common causes of 
paint failure and how they can be prevented. 
It then goes into methods of application— 
immersion and spraying—of the Anchorite 
100 treatment. Eight pages——Octagon Proc- 
ess, Inc., 15 Bank Street, Staten Island 1, 
INS MA 


ScraP IRON PRoGRAM—Aimed to help in- 
crease the current dangerously low iron and 
steel scrap inventories in this country, 
“Scrap for Steel Mills and Foundries for 
Defense” emphasizes that with the current 
record-breaking steel production and large- 
scale expansion of production capacity, 
some plants have only a few days’ scrap 
supply on hand. A program outlined in the 
booklet for recovery of dormant scrap sug- 
gests procedures for large industrial plants. 
Fifteen pages. NPA-BP-230.—U. S. De- 
partment of Commerce, National Production 
Authority, Washington, D. C. 


VoLTaGE REGuLATORS—Describes in detail 
the workings of a Stabiline automatic 
voltage regulator in maintaining a con- 
stant output voltage regardless of fluctua- 
tions in a-c input line voltages and changes 
in output load. Each standard regulator is 
illustrated and performance data given. 
Twelve pages. Bulletin 5$135.—Superior 
Electric Co., Bristol, Conn. 
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NEW NYLON RETAINING 
RINGS FOR COIL FORMS 


a With nylon-phenol 

‘ rings, Cambridg 
._ . ThermionicCorporatic 
greatly extends tk 
scope of ceramic cc 
forms. Nylon - phenol 
in no way impairs tl 
moisture and fungi 
resistant qualities of tl 
coil form assemblie 


/ , rs) : A and provides many ne 
benefits. ’ 


: ¥ 
For bifilar windings, four separate terminals, two c 


by | T T xz E L L | each ring, mean secure connections for each coil lea 


For single pie windings, terminals can be locate 


COPACO « COPAREX + COPAREX-S above or below winding to shorten wiring to — 


One of the three BELONGS in your job! /: elements. ; + 

Designed for your electrical requirements Shape of te inals affords two solde 5 8 spaces ¢ 

Fine 100% Reg Stock each, to segregate coil terminations from circuit wirin; 
° 


Maximum strength Firmly cemented nylon-phenolic rings keep term 
nals in exact position. A 
v Nylon-phenolic rings show an increase in Q an 
Ba te RL improved performance over metallic rings. : 
Thicknesses .004” to .030”. Write for this Cottrell 


Conc onee: Seaues All materials and finishes meet government specif 
COTTRELL PAPER COMPANY cations. Available with LST, LS5, LS6 coil forms, Wnit 
INCORPORATED y 


Fall River, Massachusetts CAMBRIDGE THERMIONIC CORP. 


Factory at Rock City Falls, New York ; ' 
Representatives in Principal North American Cities 462 Concord Ave., Cambridge 38, Mas. 


Maximum chemical purity | 
A 7 - oe 
Available in continuous rolls, sheets or coils 


a 


2 


" 
i 


{ 


high-voltage 


| Bh ed See for yourself! 
— Selenium Rectifier 
eit 3 Make your own — 


- COMPARISON TES 


Take any 26-volt RMS selenium rectifier. Then, get 
high-voltage stack of similar rating Compare the two yo 
4% Two independently-adjustable self and see why, feature for feature, General Electric sta 


controls conveniently manipulated are an outstanding val ! 
by tandem knobs—such is the pur- : ra ; : q 
Pe etn. One ule. BOP SEvGlasasiat -CancentsionShakt General Electric selenium rectifiers thrive on compa 
mounting bushing 3/8" dia. Controls. Tandem-mounted units are tests because they are outstanding in the three charact 


X 3/8” 1. Single locating securely and rigidly held together by 
connecting straps. Clarostat’s center- 
less-ground precision shafts assure 


ee ctwdion pl istics which mean quality in selenium rectifiers. 
ojection pin. 


ge Repeaters e LOW FORWARD RESISTANCE 
Feitelon eit Be 43 (Wire. Incidentally, Clarostat controls and e LOW BACK LEAKAGE 
wound),.or combined resistors predominate in Du Mont, 
“ ob . RCA, GE, Philco, Regal, Air King, e DEPENDABLE LONG LIFE 
; : f Garod, DeWald, Emerson, Magnavox, 
ted oe Be aleardin Farnsworth and other TV sets. Write Section 461—18, General Electric Company, 
es, taps, tapers. oa Schenectady 5, N. Y. for a copy of GEA—5524 which 
or without switch. Bulletin 112 on request. 


gives complete instructions for comparative testing. 
Contact your local G-E Apparatus Sales Representa- 
tive or authorized G-E agent to arrange your sample 
purchase. 
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CLAROSTAT MFG. CO., INC. DOVER, N. H. 


Let us quote on your needs. 
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for superior performance 


Now, with the opening of our new plant at Stamford, Connecticut, you can kanthalize 
your electric appliances and furnaces with complete confidence. 


Here, we are producing the world-recognized Kanthal line of High-Temperature 
Electric Resistance Materials . . . Resistance Wire, Ribbon, and Strip for applications 
up to 2460° F (1350° C) .. . on an accelerating schedule of deliveries. 


Here, you will always find the same painstaking technical service and the same high 
engineering standards which have characterized the manufacture of Kanthal in Sweden 
for over 20 years. 


There Is No Substitute For Kanthal 


Kanthal is an tron-Chromium-Aluminum-Cobalt Alloy . . . a notable material which 
withstands most economically the highest temperatures among the non-precious 
resistance alloys. There is NO substitute for Kanthal, no matter what may be claimed 
for competitive materials. 


Kanthal Materials Come in Four Types 


MAX. OHMS 
OPERATING PER FORMS APPLICATIONS 
TEMP. CMF 


KANTHAL A-1| 2460° F | 872 Wire & Strip Coren: ieee 


ratory Furnaces, etc. 


KANTHAL A 2370° F 837 Wire & Ribbon | Pottery Kilns, Heat-Treating 
Furnaces, High-Resistivity Re- 


sistors, Industrial Heaters, etc. 


KANTHAL D 2100° F | 812 | Wire, Ribbon, | Appliances and _ Furnaces: 
Strip toasters, irons, and enclosed 


units as in electric ranges. 
Outstanding resistance to oxi- 
dation. 


KANTHAL DS | 2100° F 812 | Wire, Ribbon, | Similar to KANTHAL D, but for 


z . applications where maximum 
("D-Special”’) Strip creep strength and _ ductility 
are required. 


For full data on Kanthal for your product, write us on your company letterhead. We 
want you to have our unusually complete KANTHAL HAND BOOK, 1951 Edition. 


THE KANTHAL corporation 
Amelia Piace (parallei to New Haven R.R.) 
Stamford, Conn., Telephone Stamford 48-9251 
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—you'll find what you need in the Complete line 


These pictures will give you an idea of the wide variety 


offered in the Penn-Union Catalog: 
Grounding connectors, clamps, and studs for all 
combinations of pipe, rod, flat bar, braid, tubing. 
Every one a thoroughly tested, dependable unit of 
protection for personnel and equipment... of ample 
capacity, high mechanical strength, and resistant to 


corrosion. 


9 GENERAL ELECTRIC REVIEW 


Sold by Leading Wholesalers 


PENN-UNION ELECTRIC CORPORATION 
ERIE, PA. 
Canada: Dominion Cutout Company, Ltd., 250 Richmond St. West, Toronto 


Penn-Union also makes the complete line of Service 
Connectors, Power Connectors, Tees and Cable Taps, 
Straight and Parallel Connectors and Reducers, Ter- 
minal Lugs, etc. 

Penn-Union fittings are the first choice of leading 
utilities, industrial corporations, electrical manufac- 
turers and contractors—because of their knoun 


dependability. 
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[his brand-new Armco manual tells 
he story of Armco Thin Electrical 
steels designed for frequencies of 400 
© 200,000 cycles per second. 

These hair-thin electrical steels are 

nade in three types: TRAN-Cor T, 5 
ind. 7 mils thick, with good permeabil- 
ty in all directions; TRAN-Cor T-O, 1, 
} and 4 mils thick, an oriented type 
with best permeability in the rolling 
irection; and TRAN-Cor T-O-S, 4 mils 
hick only, a super-oriented steel 
lesigned particularly for 400-cycle 
ipplications at inductions above 16 
cilogausses. 
_Armco’s new booklet gives the de- 
igner representative test results to 
work with. No longer is skin effect a 
matter of guesswork. The curves show 
he allowance to be made for it. 


Advantages vs. Costs 


mcluded are curves for preliminary 
hickness selection, when either core 
Oss Or excitation is a limiting feature 
yf design, to illustrate the possible 
yperating induction for a given fre- 
juency. Thereafter, electrical character- 
stics of each thickness and type may be 
letermined from its individual curve. 
$y balancing electrical advantages 
iainst material cost, the particular 
hickness that is economically sound for 
ae application may be chosen readily. 

Armco Thin Electrical Steels have 
xceptionally high permeabilities, cor- 
espondingly low hysteresis losses, high 
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High-Frequency Design Data 


lamination factors and minimum inter- 
lamination energy losses. Properties are 
fully developed at the mill. No high- 
temperature heat treatment is required 
to develop magnetic properties. 

If you want the complete story of 


Steels.”’ 
Name 


Firm Name 
Street Address 
City 
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MAIL THIS COUPON 


Armco Steel Corporation 
4621 Curtis Street, Middletown, Ohio 


Yes, I’d like a copy of your new booklet “Armco Thin Electrical 


21 Pages of Test Results on Armco 
Electrical Steel 1 to 7 Mils Thick 


these outstanding grades, just fill out 
and mail the coupon. Armco Steel Cor- 
poration, 4621 Curtis Street, Middle- 
town, Ohio ¢ Plants and sales offices 
from coast to coast * Export: The 
Armco International Corporation. 


Position 


Zone State 


Here’s Why You Get 


LOWER HIGH-PRESSURE PUMPING COSTS 


with this distinctively new 


class HMTA 


multi-stage centrifugal pump 


Check the many distinctive features of Ingersoll-Rand’s Class HMTA 
high-pressure centrifugal pump. See how they all add up to important 
long-range savings in installation, operation and maintenance. For 
here is the completely modern answer to the problems inherent in 
high pressure pumping service—a pump that’s designed around the 
latest advances in hydraulic engineering. 


Operating efficiencies stay higher, longer—because all running clear- 
ances are proportioned for minimum wear and materials are carefully 
selected for dependable performance. Maintenance is easier—and 
there’s less of it—with simpler, more rugged construction and greater 
accessibility throughout. And spare parts inventories are lower due 
to increased interchangeability between stages. 


HMTA pumps may be equipped Your nearest I-R representative 


with the Cameron Shaft Seal— will be glad to give you complete 
and with sleeve or ball bearings, information. Or write for your 
as desired. free copy of Bulletin No. 7233. 


for pressures 
up to 1200 psi 
and capacities to 1600 gpm. 


NEW YORK 4, N. Y. 


: IRI Ingersoll-Rand..." 


CAMERON DIVISION 698-10 


CONDENSERS e PUMPS e COMPRESSORS e¢ ROCK DRILLS 
AIR & ELECTRIC TOOLS @© GAS ENGINES e DIESELS 
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STRONG, SMOOTH-BO 


pi 
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CASING 


—horizontally split to permit 
access to rotor assembly without 
disturbing piping connections. > 


—including impellers, wearing 
rings, and stationary channel 
rings with interstage liquid pas- 
sages. All elements self-aligning, 
all precision-machined for high 
sustained efficiency. 


POSITIVE INTERSTAGE 
SEALING 


—at all temperatures and pres- — 
sures is provided by corrosion- 
resistant, metallic rings which 
form the fit between channel 
tings and casing. These rings 
form the most efficient, practical 
seal yet devised, contributing to _ 
the higher efficiency of the 

HMTA. q 


MULTIPLE-VOLUTE 
DESIGN 


—assures complete radial bal- 
ance of impellers over entire 
range of pump operation. 


These and many other new 
HMTA features add up to: 


GREATER DEPENDABILITY. 
HIGHER SUSTAINED EFFICIENC) 
LOWER MAINTENANCE COST 
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Now the famous silent Servel refrigerator operates on elec- 
sity. In the new refrigerator, a simple electric heating element 
vides heat for operating this absorption-type system. Just 
ig it in, and the new Servel goes to work . .. provides the 
indless performance for which it is famous. 


Since cold is obtained without a single moving part by means 
heat applied to the system, the small heating element is the 
al part of the new Servel. Every operation of the refrigeration 
cle, indeed, depends upon the heater unit staying on the job. 


Because of this, Servel has adopted heating elements made 
h Nichrome—the electrical resistance alloy that is the very 
art of quality appliances everywhere. Remarkably resistant to 
sh heat and corrosion, and able to retain its physical and elec- 
sal properties despite thermal shock resulting from intermittent 
eration day in and day out, Nichrome assures Servel of 
cient operation and a lifetime of dependable service. 


Whatever your requirements for electrical resistance mate- 
l, it will profit you to consult with us. In addition to world- 
nous Nichrome and Nichrome V, we produce over 80 alloys 
meet the varied needs of the electrical and electronic fields. 
though strategic materials and the alloys we make from them 
on strict allocation at the present time, we’ll be pleased to 
ve you to the best of our ability. 
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BRANCHES: Chicago, Detroit, 
In Canada: The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 


Servel's latest model refrig- 
erator retains all the features 
of ''silent'’ operation, using no 
moving parts; but the gas flame 
has been replaced by an elec- 
tric heating unit of Nichrome 
containing two resistance wires. 
One of these operates constant- 
ly, and maintains normal refrig- 
eration; the other operates 
intermittently, by thermostatic 
control, and supplies the addi- 
tional heat required when extra 
refrigeration is necessary. 


Driver-Harris C ompany 
NEW JERSEY 


Cleveland, Los Angeles, San Francisco 


® T. M. REG, U. 8. PAT. OFF. 


One thing that distinguishes a boiler 
from most other types of equipment 
is that its annual operating cost is 
more than its initial cost. In fact, 
the annual cost of fuel alone for the 
average boiler installation usually 
equals or exceeds the purchase 
price —and the purchase price of 
a boiler represents a sizable capital 
investment. 

With fuel costing what it does 
today, it is more important than 
ever before to select a boiler that 
will assure the most efficient per- 
formance possible. That is why it is 
especially significant that people 


who have bought C-E Vertical Unit 
Boilers —and know these boilers 
through their own experience—con- 
tinue to buy them. 

Just glance at the examples at 
the right. It’s just a small sample 
of the plants—in industry after 
industry —that have ordered and 
reordered VU Boilers. 

Why not investigate the VU 
Boiler for your next installation. 
Our recommendations as to the 
most suitable type of VU Unit for 
your particular requirements are 
available to you or your consultants 
without obligation. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 


A Chemical Company ordered two VU Boiler 
in 1939. In 1946 five more were ordered 
three of their other plants. In 1949 two m 
were ordered for one of these same pla 
and in 1950 two more units for a fifth p 

In 1951 three more units were ordered for sti 
another plant — thirteen units for six plantsim 
twelve years! 


A Steel Company now has a fotal of eleven V 
Boilers in four different plants. Starting with 
three units in 1936, it has reordered three ti 

+ +. most recently in the fall of last year wil 


_ an order for three more units, 


A Textile Manufacturer ordered two VU Unit: 
in 1936. Another unit was installed in 194 
and a third in 1944, Still another textile cot 
pany installed one unit in 1945, a secon i 
1949 and has just ordered another. 


An Electric Utility Company installed its fi 
VU Unit in‘1941. Two more units were order 
for another plant in 1947, a unit for a thi 
plant in 1946 and still another for a fou! 
station in 1949, 


A Refining Company ordered one VU Unit 
1937, another in 1940 and another in 1949 f 
one of its plants; also two in 1942 and one 
1947 for another plant. B 


COMBUSTION ENGINEERING —SUPERHEATER, INC. 


Combustion Engineering Building 
200 Madison Avenue * New York 16, N. Y. 
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pkeep for big reasons! 


ECTRICIAN, SHOWS WHY—WITH 


. Kelly: “There doesn’t seem to be any wear on the moving 
parts.” 


That’s right. The moving structure is rugged and 
basically simple. There’s no metal-to-metal fric- 
tion between magnet and coil; thus, little or no 
wear. And the “molded-in” lubricant in the coil 
keeps the magnet operating smoothly and quietly 
for life. 


. Kelly: “Overload protection means a lot; I certainly don’t 
want any burned-out motors these days.” 


- Those overload relays will give your motors all 
_the protection they'll ever need. They are reliable 
and never need any attention. Heaters are in 
front and can easily be changed without disturb- 
ing any wiring. 


THE “SCREWDRIVER TEST” 


MANUAL STARTERS, TOO... 


For infrequent starting of 7% hp or smaller motors, 
you can't beat a G-E manual starter for economy and 
dependable operation. . . Built to the same rugged 
specifications as the magnetic starter, it includes many 
of the same features for long life and easy upkeep. 


Front-connected 
clamp-type term 

nals, and plenty 
of wiring space. 


Fine silver con- 
tacts long outlast 
dinary contacts. 


Sturdy, vibration- 
resistant, snap 
action switch 


mechanism ily accessible 


r 


Push-button stations, limit switches, photo electric relays 


... and many others can make operations more auto- 
matic, more convenient. 


BUY ONE AND COMPARE! Disassemble a G-E motor 


starter, magnetic or manual, and inspect it. See for yourself why G-E 

f starters last longer, cost less to install, and are easier to maintain than 
any starters you can buy. Your G-E representative or authorized distrib- 

utor can supply many models of G-E starters in NEMA sizes 0, 1, 2, and 3 

‘for motors up to 50 hp; anticipate your requirements and place your 


of order early. For more information on magnetic starters, write for Bulletin 


i GEA-5153; manual starters, Bulletin GEA-1522. Section 730-20, Apparatus 
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... four newcomers to their 


catalog of quality components 
and instruments for the elec- 


tronic and radiation-measure- 


ment fields. 


Victoreen has developed two high-efficiency 
lightweight vibrator power supplies for use 
with battery-operated portable equipment such 
as Geiger counters, photo-multipliers, and elec- 
tronic equipment requiring a 900 volt supply. 
These compact units have been potted and her- 
metically sealed to make them reliable and rug- 
ged. They contain regulator circuits to stabilize 
their output and have a plate voltage output to 
operate electronic circuits. Net weight is only 
one pound. 


@ THE MODEL 517 VIBRATOR POWER SUPPLY oper- 
ates from 4.5 volts of battery and supples +900 
volts at 5 microamps and +55 volts at 0.25 ma. 


@ THE MODEL 532 VIBRATOR POWER SUPPLY oper- 
ates from 3.0 volts of battery and supplies —900 
volts at 15 microamps and +55 volts at 0.25 
ma. 


The precision vibrators which are used in these 
power supplies are available separately. They 
have been mounted in sponge rubber and her- 
metically sealed, and are available for such ap- 
plications as highvoltage power supplies, port- 
able Geiger counters, scintillation counters, and 
portable radios. These plug-in units weigh only 
21% ounces. 


@ THE MODEL 531 VIBRATOR is designed to oper- 
ate from a 1.5 or 1.3 volt battery and requires a 
minimum of 18 milliwatts driving power. 


® THE MODEL 542 VIBRATOR is also an 18 milli- 
watt. unit but designed for operation in series 
with the primary of a transformer and from a 
1.5 to 6 volt battery. 


Additional Data Available on Request 


BETTER COMPONENTS 
MAKE 
BETTER INSTRUMENTS 


The Victoreen Instrument Co. 


5806 HOUGH AVE. CLEVELAND 3, OHIO 
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ILSCO COPPER TUBE & PRODUCTS. IN 


5748 Mariemont Ave. CINCINNATI 27, 


ASSOCIATED 
ELECTRICAL 


INDUSTRIES 
e LIMITED e 


@ 


British Thomson-Houston Co., Ltd. 
Edison Swan Electric Co., Ltd. 


(Incorporating Harcourts Limited) 


Ferguson Pailin Limited 
Hotpoint Electric Appliance Co., Ltd. 


(Incorporating International Refrigerator Co., Ltd. 
and Premier Electric Heaters’ Ltd.) 


Metropolitan-Vickers 
Electrical Co., Ltd. 


Metropolitan-Vickers-GRS. Ltd. 
Newton Victor Ltd. 
e @ 


Agents and Licensees of the 


GENERAL ELECTRIC Co., U.S.A. _ 
for the United Kingdom. . 
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MYCALEX glass-bonded mica insulation is 
the one highly adaptable, versatile insulating 
material that combines every desirable char- 
acteristic required in a modern dielectric. 
Although far superior to lower cost dielectrics, 
MYCALEX offers considerable advantages 
over many materials costing several times as 
much. MYCALEX is available in various 


IAN AP P.R-OVED 


MYCALEX 410 is approved fully as Grade L-4B under 
National Military Establishment Specification JAN-1-10, 
“Insulating Maierials, Ceramic, Radio, Class L.” 


MYCALEX 400 is approved fully as Grade L-4A under 
National Military Establishment Specification JAN-1-10, 


“Insulating Materials, Ceramic, Radio, Class L.” 


Write for 20-Page Catalog Today! 


A valuable compilation of engineering data and manufac- 
turing information on electrical insulation that you'll surely 
want for your technical file. Request it today—no obligation. 


SINCEI9I9 


grades, each featuring specific characteristics 
to meet particular needs. Since proper appli- 
cation of the right grade of MYCALEX has 
resulted in simultaneous product improve- 
ment and lower cost in hundreds of instances, 
it’s good business to check with MYCALEX 
before specifying sheet, rod, fabricated or 
molded insulation. 


CHARACTERISTICS 
MYCALEX GRADE 400 410 410X 


POWER FACTOR, 1 MC 0.0018 0.0015 0.012 
DIELECTRIC CONSTANT, 1 MC 7.4 9.2 6.9 
LOSS FACTOR, 1 MC 0.013 0.014 0.084 
DIELECTRIC STRENGTH, volt/mil 500 400 400 
VOLUME RESISTIVITY, ohm/em = 2x10!5 1x10!5 5x10!4 
ARC RESISTANCE, seconds 300 250 250 
MAX. SAFE OPER. TEMP., °C 370 350 350 


WATER ABSORPTION % 24 hes. NIL NIL NIL 


MYCALEX CORPORATION OF AMERICA 


g Owners of ‘MYCALEX’ Patents and Trade-Marks 


TRADE MARK REG US PAT. OFF 


Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & General Offices: CLIFTON, N.J. 
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1] designs 


a SO. years of specializ 
ARE AVAILAGLE /N 


On any problem involving technical made experimental or test designs can 
ceramics, the cooperation of our engi- be made quickly and at reasonable 
neers is available on request. Their cost. When the design has been tested 
half a century of specialized experi- and perfected, quantity production is 
ence has enabled them to help solve now more quickly available from our 
many different design problems. Hand new plants which are in production. 


SOTH YEAR oF CERAMIC LEADERSHIP 


AMERICAN LAVA CORPORATION 


CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 « CHICAGO, 228 North LaSalle St., Central 6-172) 
PHILADELPHIA, 1649 North Broad St. Stevenson 4.2823 . LOS ANGELES; 232 South Hill St., Mutual 9076 
NEW ENGLAND, 1374 Mossochusetts Ave., Cambridge, Mass., Kirkland 7-4498 « St, 


Louis, 1123 Woshington Ave. + Garfield 4959 
SOUTHWEST: John A, Green Co,, 6815 Oriole Drive, Dallas 9, Dixon 9918 


tS 


‘What road blocks can we erect against infiltra- 
tion of moisture into areas we’re trying to air- 
condition?’’ Lectrodryer’s new Bulletin 220 names 
insulating materials, gives moisture permeability 
data, shows how to figure dehumidifier loads. 

- Control humidities in manufacturing and pro- 
cessing areas to keep production going at top 
speed and maintain high product quality—in 
storerooms to preserve raw and finished materials. 
Lectrodryers provide low humidities efficiently 
and economically. 

1 England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 


; 
n Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. Pittsburgh Lectrodryer Corporation 
n France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. | 302 32nd Street, Pittsburgh 30, Pa. 
| 
| 
I 
: 


rd in A SERIES 


to help you guard against 
WETth; moisture you can’t 
see or feel. You may have 
copies of these other two 
technical papers also. 


——-+ -— EE 4 


n Belgium : S. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. Picar cent ine Gulletin 220 “Vapor Burien 
: 9 


for Dehumidification”’ 


Also send 


‘“‘The Moisture in Our Atmosphere” (_) 
‘The Performance of a Solid Adsorp- 
tion Dehumidifier” Coat) 


We will gladly send a copy to those who request it 
on their business letterhead or this coupon. 


Name 


Title___.. 


Address 


Lo 
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How to speed plant expansion 
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STANDARD ‘'SPECS’’ SIMPLIFY PLANNING, PURCHASING. No y ] YOU GET EASILY-ASSEMBLED UNITS. Instead of getting ma 
1. need to spend weeks, months over drafting board and specifica- ®@ individual items to install piece-by-piece, you get a few co 
tions for ‘“‘piece-meal” electric system, when you order standard G-E pletely co-ordinated, easy-to-assemble units. 
power equipment. 


gn all ch 


ONE OF WORLD’S BIGGEST MANU- ¢ 
FACTURERS expands quickly with G-E 
power units, as shown above. Note that 


“Electric Power 


For assistance in modernizing or 


your power system can be installed before for Industry’s pores yes cleric aa ; 

completing construction, giving you ample Third and Biggest ba roggys Greater. produciay 

power to speed the rest of the job. Expansion” Pp aie ae oie a 
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jith Flexible G-E “Packaged P 


2: 


EASILY HOISTED OR PUSHED TO CONVENIENT LOCATION. Part 


EASY INSTALLATION CONSERVES SKILLED MANPOWER. G-E 


e of flexibility is ease of movement as well as adaptability. In photo 4. metal-enclosed switchgear units contain all needed components— 
all co-ordinated. Just place units in position, make circuit connections. 


sve, complete metal-clad switchgear unit is hoisted to roof. 


No matter how much more production you 
need now, or will need in the future, here are 
four good reasons for investigating General 
Electric’s “packaged” switchgear and unit 
equipment today: 


SAVES TIME. Order standard G-E switchgear 
and load-center unit substations for your entire 
system early—install the pre-assembled units 

_ quickly. No waiting for “‘missing links.’ Easy 
planning, easy installation and operation. Re- 
leases valuable time of key men for other im- 
portant duties. 


‘" REDUCES COST. Cuts costs at nearly every step, 
from purchasing to maintenance. In many 


cases, load-center distribution requires 50% 

to 80% less copper than old-type low-voltage 

distribution. Flexible; eliminates expensive 
_ “hand-made” systems. 


’ AVOIDS TROUBLE. G-E “packaged” switchgear 
and unit substations arrive at your plant ready 


for use. All components are completely co- 
_ordinated and metal-enclosed. Helps prevent 

shut-downs due to power failure, provides 
_ greater personnel safety. 


easy to add if loads grow. 


’ SAVES SPACE. No more need to clutter 
_ precious plant space with sprawling, danger- 
_ ous open switchgear and wiring. G-E “‘pack- 
aged” units are compact, enclosed, can be put 
“in convenient locations: near machines, in 
_ “unused corners,” even on the roof. 
_ Get your vital electric power equipment in 
' packages. Install the units like machine tools. 6 
For more information, call your local G-E ° 
_ Apparatus Sales Office—or write to General 
Electric Co., Schenectady 5, N. Y. 


EASY TO MAINTAIN. Inter- 
locks, metal-enclosed live 
parts protect personnel at all times. 
Above, air circuit breaker draws 
out like file drawer for inspection. 
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DEPENDABLE SYSTEM IN FRACTION OF USUAL TIME. Besides 
quick installation with compact load-center unit substations like the one 
above, you get maximum protection against power failure. New units 


EASY TO RE-LOCATE. 
7. When power loads shift, 
simply disconnect cables and move 
whole unit. Metal enclosure means 
protection in any location. 


854-39 
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Cling to the tried 

and true, in 

Ball Bearings too. 

New Departure not only 
makes them of 
unsurpassed quality 

but builds in 

predictable performance 
under known conditions. 
Consult a New Departure 
engineer while your 
design is in the 

blueprint stage. 


Noting Rolls Like a Cell... 


NEW DEPARTURE 
BALL BEARINGS 


NEW DEPARTURE + DIVISION OF GENERAL MOTORS eRe CONNECTICUT 


"155 
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the marion Sensitive, Ruggedized 
Null Indicator 


SHADED POLE FACES 


ALNICO Y 
MAGNET 
aN 
MMU 
CORE SHIELDS 


SOFT IRON CoRE MOVING COIL 


The Marion RUGGEDIZED Null Indicator offers advantages 
never before found in meters of this kind. 


TYPICAL SCALE 
CHARACTERISTICS 


Its special construction permits the use of the null system for oe ptf 
precise measurements under very severe field conditions, allows Ho 
design engineers to use a Null Indicator in new applications. Ly 

This meter is hermetically-sealed and its mounting require- Eo 
ments and physical dimensions are in conformance with JAN-I-6. 4 ae 
It has very high center-point sensitivity (1 microampere per mm. 5 
or higher), yet due to its shaded pole face and shielded core con- E 60 +++] HH +t [-- 
struction it gives sharply logarithmic attenuation as it departs 5 H 
from the null point, thus providing ample overload protection eee PH HH f 
for the indicator. Maximum safe current is ten times actual 4 ao EEE av aneE 
rated full scale value. e 


The Marion Null Indicator is made in two models, the HS2 
(2%" size) and the HS3 (3'2" size). Each of the two models is 
available with numerous current sensitivity and internal resist- 
ance characteristics. 

Demands of our national mobilization program come first, of 
course, but we will gladly supply further information and serve 
you to the best of our ability. 
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Brand New 
Catalog 
Just Out 


General Electric Offers Complete 
Catalog of Measuring Equipment 


Send today for your free copy of 


TABLE OF CONTENTS 


DC Amplifiers. . . Mite ie RC On aa aa Bris Has NEW 80-page catalog containing 
Electric-circuit Testing Equipment...... % a 
Electronic-circuit Testing Equipment...... condensed information about all G-E 
High-voltage AC and DC Testing Equipment. .13-18 d r 
Insulation and Resistance Testing Equipment. ..19-26 Testing and Measuring Equipment 
Magnetic-field-strength Testing g g *4q P , 
_ and Measuring Equipment............. vena OU 7 
AAMC SWUCHOS ANG. LIMETS «5.5 5.056's wees wae oe wel i” oR ee re a i an ee ot mn) 
Materials-testing and -inspection Equipment....34-41 | Section D 602-222 | $ 
Chemical Analysis Equipment.............. | General Electric Co | 
Color and Light Testing Equipment.... Sthonettadv.S"N Y | 
Force, Strain, Tension, and Thickness Gages.... | b fated Sb | 
Speed and Torque Measuring Equipment..... | Please send me GEC-1016, 1952 Catalog of | 
Temperature Measuring Equipment ........... | General Electric Measuring Equipment for labora- l 
_ Leak Detectors, Vacuum and Pressure Gages.... l tory and production testing 
Sound, Vibration, and Balance Equipment...... s | 
Power Supplies, Alternators, and Regulators.... NAME | 
| 
; | POSITION | 
125 DIFFERENT DEVICES for production and laboratory ! | 
testing are described and shown in this new catalog. : ROMPANY oy 
| ADDRESS. | 
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